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THE SKEFKO BALL BEARING COMPANY LIMITED - LUTON - BEDS. 


THE ONLY BRITISH MANUFACTURER OF ALL FOUR BASIC BEARING TYPES: BALL. CYLINDRICAL ROLLER. TAPER ROLLER AND SPHERICAL ROLLER 





Investigate 
DRILLING PROBLEMS 


as part of their continuous research and study of 
metal cutting technique. 


aw 


From the melting furnace to the finished product, ESC miss no opportunity 
of improving the performance and quality of their famous range of cutting 
tools. The above photograph taken in a section of their Cutting Tool 
Development Department shows an actual twist drill investigation in progress. 


Makers of high quality Engineers’ Cutting Tools for over a century 


ENGLISH STEEL CORPORATION L1D 


OPENS HA W ee 
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Sliding Head Precision Automatic 


7" CAPACITY 


16 





Primarily designed for the production of small components for 
the clock and precision instrument industries, this automatic 
is now recognised as one of the most efficient machines for 
general small turning work in large quantities. 

Its extreme versatility is Well demonstrated in the accompanying 
example. Here taper turning. threading, flat generating and 
form turning are all accomplished in a single cycle of operations, 
and the part is produced complete from bar stock in 10 seconds. 
Multiple diameters, pivot points at one or both ends, back 
shoulders, tapers. bevels, etc., can all be produced and TURN 0.161 
attachments are available for drilling. Ea trie cence 
chamfering, counterboring, tapping, S 

threading and slotting during the normal 


cycle of operations. Magazine feeding 
TURN 0.270 


DIAMETER 


can also be arranged. 


MILL TWO FLATS 





TURN TAPER 








PART FORM 
SPHERE 


FORM SPHERE 
AND THREAD 
3 BA 


PART OFF 








WICK MAN of COVENTRY 


LONDON + BRISTOL © BIRMINGHAM © MANCHESTER 
LEEDS GLASGOW ° NEWCASTLE . BELFAS 1 
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RTSC Home Sales Limited 


f rye 7 . 
D the Ome 





Home Sales Organisation for the 


MILD STEEL FLAT ROLLED PRODUCTS 


of 

RICHARD THOMAS & BALDWINS LIMITED 
and 

THE STEEL COMPANY OF WALES LIMITED 


comprising -— 
Sheets (Uncoated and galvanised) Welsh Charcoal Tinplate 
Coils Tinned Sheets 


Plates (-1181" to -75”) Ternecoated Sheets 


7 Lead Coated Sheets 
linplate 

; . | Terneplate 
Staffordshire Heavily 
Coated ‘Tinplate Blackplate 


Enquiries should be addressed to:— 


RTSC Home Sales Limited 
AG Park Street London WI 


Telegraphic Address : “‘ Homerold’”’ Audley London Telephone: May fair 8432 
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VERTICAL 
AUTOMATICS 


‘Ohe 


No. 8 VERTICALAUTO 


Maximum Swing .. 143” dia. 
No. of Spindles .. rap 6 
No of Tooling Stations .. 5 
The No. 8 Verticalauto can be 
arranged for double indexing or 
dual control A wide range of 
standard attachments, consider- 
ably increasing the scope of the 
machine, is available 
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Built by A Selling Agents 


lel 7 84>) Seale], aR toMy wickman 


COVENTRY 


TURNER BRIDGE. WORKS, BOLT OS 
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BEYOND THE HORIZON. 


Designers are seeking new alloys from the metallurgist in order 
to develop higher speed transportation. 


Higher speed calls for materials having greater strength in 
lighter sections, often with little or no sacrifice in toughness. 
Molybdenum will contribute vital properties to the improved 
alloys which will certainly be developed for the future. 


Climax furnishes authoritative engineering dataon Molybdenum 
applications. 


99 Pinstone St. Sheffield 1 
Registered Office: 2-3 Crosby Square, London E.C.3 





AUTOMOBILE ENGINEER, June 1953 





“And | wouldn't say ‘no’ to a drink 
for every twist drill Monks & Crane keep in stock.’ 


“Wouldn't do, old boy. 


You'd never survive to see them off.’’ 


**Well—make it for every item then.”’ 


Still formidable. But I'll tell you what... 
I'll stand you a drink every 


time Monks & Crane let you down.”’ 


‘You're on a good thing— 
they haven't disappointed me in years!"’ 


y O® ra i. 
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BRITAIN’S FOREMOST DISTRIBUTORS 





London Office : 
295 EUSTON ROAD 
LONDON, N.W.1 


Tel: EUSton 5311 (3 lines) 
Grams: Emancee, London 


Head Office: 


Tel: 
Grams: 
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STANHOPE STREET 


BIRMINGHAM, 
Calthorpe 138! 
Emancee, Birmingham 


"Iain / 


MONKS & CRANE LTD 


THE TwisT DRILL SPECIALISTS 


| Manchester Office 
MANCHESTER OLD ROAD 
RHODES, MANCHESTER 
Tel: Middleton 3654 (3 lines) 


Grams: Emancee, Middleton, Manchester 
SM/MC 802b 
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(5 lines) 





extra chucking capacity is feature 
of new Murad No. 1A Capstan 


The sliding saddle, the rigid indexing stops, the 4-way 
tool post, the adjustable rear tool post, the extra long 
bed, the increased turret slide traverse, the powerful 
4 H.P. motor all add up to the ability to produce 
large sized chucking jobs accurately and quickiy. 
And the change to bar work is @ matter of minutes 


We shall be happy to send one of our Sales Engineers to tell you 
all about this great new machine. Better still, come and see us at 
Stocklake ; a warm welcome awaits you 


Murad 


NolA high speed 


CAPSTAN LATHE 


* declaimed in both 
Hemispheres” 


MURAD DEVELOPMENTS LIMITED STOCKLAKE AYLESBURY BUCKS Phone: Aylesbury 790 (4 lines) Cables: ‘Muradite’ Aylesbury 


2450 
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COOPERS 


GASKETS.FILTERS & STRAINERS 


caine ttn nant Nah tnt ete 


It is our business to know all 
there is to know about Gaskets 
Filters and Strainers and to put 
that knowledge into practice. 


LEANFOISTL ° 
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CEJ raps 


Spiral Flute taps for blind 
hole tapping. Spiral Point 
taps for through hole tap- 
ping. In each case only 
one tap is needed 


AND RING GAUGES 


are in steadily increasing demand throughout 
industry. Their precision and exemplary accuracy 


ensure complete satisfaction. 


CEJ Mikrokator 


The CEJ Mikrokator is an entirely frictionless 
mechanical comparator. Amplification by a twisted 
strip to the pointer without friction between solids 
or fluids. Special construction enables the pointer 


CEJ CIRCULAR CHASERS : ~ a to come quickly to rest. 


for producing outside and inside threads 


in all forms 


SOUTHFIELDS ROAD DUNSTABLE BEDS. TEL: DUNSTABLE 422/3 


Measuring ranges vary from ‘006’ to ‘OO01", the 
graduations varying from ‘0001” to ‘000002’. 


| CEJouansson LTD. 


PRECIS (Gyo tS AND INSTRUMENTS 


A.1.D. APPROVED 
DHB 
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| Difficult Measurement 


The other day someone wastalking about microscopic particles4n 
a disparaging manner which suggested_that they were~So small 
as to Be negligible. 


Yet those Rastile invaders are the very ones that, by their extra- 
ordinary minuteness, insinuate themselves into those critical 
clearances which—Vhen accurately maintained —result in the rd 
modern sweet-running engine;-but when impaired, lead to-rets: . 
roughness and expensive re-conditioning. The Purolator 


‘Micronic’ filter element, expressly designed to arrest these 
oil-borne abrasives, is made from a plastic-impregnated paper of 
controlled texture and unique area, pioneered by Purolator. 
We sincerely believe that the Purolator filter is more effective 

a longer time—than any other type of filter available to 
the marrafacturer. 

SS 

Do not under-Fate.those unseen enemies—after all, it is even 
more difficult to measuré-the=smell of an onion at the other= 


— 


of the house, but it has broken up many a romance. 


AUTOMOTIVE PRODUCTS COMPANY LIMITED 
LEAMINGTON SPA, ENGLAND 
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Fully Patented 

















A recent development on the Borg & Beck 12 in. and 13 in. A.S. 
clutches is the coupling of the pressure plate to the pressed steel 
cover by four tangential spring-steel straps. 

The straps are so arranged that they can deflect as the clutch is 
released, without disturbing the concentricity of the pressure plate. 
Accurate balance is therefore retained throughout the full travel. 
The movement of the pressure plate takes 
place without any rubbing contact, friction, 
wear or noise. | 

These clutches, which incorporate the 
characteristic Borg & Beck features of 
knife edge bearings to levers, large 
numbers of low rate low stressed pressure 
springs, and adequate ventilation, need 

no register for the housing O.D., being 
located on the flat-faced-flywheel by two 
locating dowels and 8 set-screws. 





won 6 Eck ovray LIMITED, EAMIGTON sr, ENGLAND 
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Footie tit OT SI LENING 


Causes of over- and under-steer: 2. Tyre properties (a) 


N this survey of tyre properties we are only concerned with 

one side of the eternal triangle of tyre behaviour com- 
prising the struggle between cornering power, enveloping or 
cushioning power, and durability; our subject is cornering 
power. Every tyre has some sideways flexibility; more 
when it has a full tread than when it has worn down, more 
when it is inflated to a low pressure than when it is blown 
up hard. These are points we can easily verify for ourselves 
if we doubt our own reasoning powers. This sideways 





LENGTH OF 


© CONTACT PATCH PATH OF CONTACT 


<+————— POINT ON TYRE, OR 


TYRE ELEMENT 


The text explains how both thrust and torque are necessary to make the ‘¢ 

















of a tyre tread take up this shape, whether the tyre is stationary « 


flexibility is the reason why tyres drift sideways when they 
are subjected to a sideways load while rolling along. 


Suppose for the sake of argument that the contact length 
of a tyre comprises ten ‘elements’, and that each element has 
a sideways stiffness of 200 Ib. per inch. A total sideways 
load of 500 Ib. will give, when the tyre is stationary, a load 
of 50 Ib. per element or a total sideways defiection of one 
quarter of an inch. 


Now suppose we apply a torque about a vertical axis, 
through the centre of the contact patch, it is obvious that 
the result will be an angular deflection about this axis. 
Suppose the length of the contact patch is 9” (i.e. an inter- 
element spacing of 1”) and that we apply a torque just 
sufficient to give no deflection of the end element in one 
direction, and therefore a deflection of 4” of the other end 
element. The angle turned through is Te radians .. . about 
3.2°. The torque required can be arrived at by taking the 
relative deflection of each element, finding the corresponding 
load to produce that deflection and taking its moment about 
the axis. The sum of all these moments gives the torque. 
Without boring you with the details of the calculation, this 
means a torque of some 76 lb.-ft. 


If now we start to roll the wheel along so that each element 
of tyre, as it arrives at the ground, is at the zero deflection 
end, it will be seen that to produce the required total 
sideways load, the elements will have to assume successively 
the positions we have just seen to be adopted by the elements 
of the stationary wheel subjected to the same sideways load 
and twisted so that one end element has zero deflection. 


AUTOMOTIVE PRODUCTS COMPANY 


The true direction of motion is then at the angle of 3-2° to the 
plane of the wheel, i.e. a drift angle of this amount has been 
developed, and a torque of 76 lb.-ft. must be applied to 
maintain the wheel in that position, i.e. there is a returning 
or self-centring torque of that amount. Another way of 
expressing the torque is to say that the sideways load of 
500 Ib. is being applied at a distance of 0-152 ft. behind the 
vertical through the wheel axis. For a rolling radius of 13” 
this is the equivalent of a caster angle of 8°. 


As the total sideways load is increased, there will come a 
time when the sideways load on the rear element is more 
than it can take without slipping sideways. As this occurs 
the drift angle will start to increase more rapidly with 
increasing sideways load, and a little further consideration 
will show that the effective moment arm of the sideways 
load will begin to decrease, i.e. the effective or apparent 
caster angle will then begin to diminish. 


The effect of the load carried by the tyre is interesting; 
below the optimum, the length of the contact patch is 
reduced, the number of elements is reduced, the sideways 
rating reduced, and therefore a given sideways load will 


ga cig — 
ESSER SASSER 
6:00-I16x4Pry 4:00E Rim 28" Inec™ . 
Peppy pry 
cee8 


} 





= 1 j 
500 1000 1500 
LB LOAD 
SIDE THRUST OVER LOAD FOR 
VARIOUS SLIP ANGLES 


The basic diagram showing how side thrust in cornering power varies with the 
load carried by a tyre for different drift angles 


produce a greater mean deflection ; this on a reduced contact 
patch length will imply a greater drift angle. Above the 
optimum, the increased vertical deflection results in a greater 
sideways deflection, and although the length of the contact 
patch is increased, the increase in sideways flexibility is 
eventually greater, and again a greater drift angle is 
developed. 


Thompson 
Self-adjusting 


STEERING ROD ASSEMBLY 


LIMITED, LEAMINGTON SPA, ENGLAND 
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Mr. Therm ts a first-class guardian 





against waste. Gas very speedily reaches operating 





temperature and there is no cooling off period. 


Sensitive controls — automatic if desired — 














deliver just the heat needed without 





waste. And gas is simple to install and casy to 





maintain. It’s a very clean fuel and 





so flexible that it can be adapted to almost any 





industrial heating process. When fuel is 





the problem Mr. Therm usually has 








the most efficient and economical answer. 














Mr. Therm re , 


GENERAI 


burns to serve you 1 Ww 


iment 


flame hardening, annealing, ten pering 


ise hardening, normalising preheating 
netal melting re drying, torging 
brazing, solder KY-fOWn gas cutting 


THE GAS COUNCIL - IT GROSVENOR PLACE «- LONDON += SWI team raising water and space heating 
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For fixing in concrete, brick, 
masonry, wood or metal. 


The fastening is made with 
rubber, providing a tenacious 
resilient grip. 





Shockloading of foundations 
reduced. 

















The Rubber used resists oils 
and spirits. 


The Bolt with its own spring 
washer. 





Cleaner and quicker to fit. 


Can be used repeatedly. v , 4 o 7 
Standard sizes from {° dia. to ( Z Femate Tyee 

}° dia. in both MALE and we. - 2 | 
FEMALE types. ‘ Cy Se 


) 4 ; 
Specials to any required size. ,* f if jens 
sin 4 D | y Oo 


0 \ '= 
A 


o 7 oO 


WRITE FOR CATALOGUE. 











THIS IS ANOTHER 


CTA A kel «| t A bolt that has limitless uses 

in countless industries with 

PREGESRN an overall saving in time 
FASTENER end cost. 








a 





L. H. NEWTON & CO. LTD. 


Head Office and Factories: NECHELLS, BIRMINGHAM 7. Telephone: EASt 1551 (16 lines) 
Branch Offices: LONDON, COVENTRY, MANCHESTER, BRISTOL & DUBLIN 


Represented in: SOUTH AFRICA, NEW ZEALAND, INDIA, SOUTH AMERICA, DENMARK, NORWAY, 
HOLLAND, CEYLON and all MIDDLE EAST COUNTRIES 
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SURFACE 
GRINDERS 
With 

futomatic 

Down feed 


of Grinding 


Spindle and 
futomatte 


Final sise stop 





% Automatic down feed of wheel head infinitely 
variable between 0:0001 in. and 0-0005 in. 


% Final size stop functions accurately to 0:0002 in. 


% Wheel diameter reduction by built-in diamond 
dresser is automatically compensated. 


% Hydraulic controls: Table speed infinitely vari- 
able 10-100 ft/min. Intermittent cross feed 
ss ~ } in. Continuous cross feed | - 6 ft/min. 


aE 


% Extremely simple operation by the most modern 
method of controls. 


% Efficient system of lubrication maintains maxi- 
mum precision of table guideways. 


% Subdivision of drive into three separately motor- 
ised parts avoids complicated transmissions and 
lengthy piping. 


Linmetiate Delivery 


DEMONSTRATIONS AT OUR 
WORKS GLADLY ARRANGED 


% Write for Catalogue 


GASTON E. MARBAIX LTD 





| F7 F10 F12 


THREE = Table’ working 


surface (length) - 2844” 393” 474” 
MODELS Table working 


| surface (width) - all models 9,4” 








DEVONSHIRE HOUSE- VICARAGE CRESCENT, 
BATTERSEA LONDON, SWii 
PHONE BATTERSEA 8888 (8 lines) 
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[ ; hi ) The Holroyd ‘‘F’’ Type Series of worm reduction units, made in 
wy Tt Jtvrr sin Pepe 

° three sizes for the transmission of |/8 to 2 H.P. have their casings 

made in die cast aluminium alloy construction. Overall weight is 

therefore reduced to a minimum and cooling capacity is increased. 


a Il * * Good deliveries can now be made of many sizes 
of our totally enclosed werm reduction units, 
both in the “F” Type series and in the larger 


units. Standard ratios 73/1 to 60/1. 
ll ily 


JOHN Holroyd & CO. LIMITED 


MILNROW, LANCS TELEPHONE : MILNROW 55322 
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DANIEL 


... there is something 


about a forge 


It is not without significance that 


the commonest British name. is 
‘Smith’! There is something down- 
smith, and 


to-earth about a 


Doncasters’ business ts a bedrock, 


a basic business, that of forging 
intractable steel to give it shape and 
substance to serve the 
other industries. 

As long as there are railways, auto- 
mobiles, aircraft, machine tools and 
engineers, there will be a need for 
firms such as Doncasters of Sheflield. 
From their earliest beginnings in 
1778, this business has dealt with, 
made or manipulated steel and its 


alloys; five generations of crafts- 


needs of 





fundamental 


men of individuality and character, 
and yes, integrity, have added to 
the fund of skill, knowledge and 
scientific method which informs the 
present practice of the company. 
Doncasters forge and treat bars 
of tool and other hard and tough 
steels; they shape general forgings 
under powerful hammers ; each year 
make hundreds of 
intricate drop forgings and valve 
stampings for diesels and auto- 
mobiles; they are of the very few 
people in the world who make 
hardened steel rolls, possibly the 
highest development of the forge- 


masters’ craft and skill. 











DONCASTERS <> 














1778 I) D j| 
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DONCASTER & 


FORGINGS . DROP FOR 





SONS 


« HARDENED STEEL 


© 


DD 


LIMITED 


ROLLS «. HEAT TREATMENT 


thousands of 


SHEFFIELD 
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‘ Syndcom ic 


Automatic 


Lubrication 
soon pays 
for itself! 


Wg 
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“INCREASES YOUR PAYLOADS 10% 


From the moment you equip your vehicle with * Syndromic * Lubrica- 
tion it begins to pay for itself! First, it saves up to 75°, on lubrication 
costs. Then, it ensures less wear on bearings because it automatically 
lubricates up to 40 bearings at periods controlled by mileage. As a 
result, maintenance and replacement time and costs are kept down to 
a minimum. 

But besides all that, ‘ Syndromic’ lubrication saves the hours spent 
in the service bay. /t lubricates while the vehicle is working, allowing 
you to increase your vehicles’ payloads by as much as 10% ! 

It’s obvious that * Syndromic’ lubrication soon pays for itself ! 

Ask for a Tecalemit technical representative to call and discuss the 
*Syndromic’ system with you. 


TECALEMIT 


The Authority on Lubrication 
PLYMOUTH, ENGLAND 
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Photograph by courtesy of Vat 


Britain’s M0ft modern automobile plants 
USE ENTHOVEN SOLDERS 


The unique standards of purity and quality to be Enthoven Body Solder is supplied in sticks to standard 


found in Enthoven Solders are an essential aid to the spec ihcations or spec ial alloys. 


perfect: operation of modern production technique. Entocene Solder Paint for pre-tinning on body work 


These standards are maintained — by and tor certain sweat soldering work 


constant: laboratory control during all is easy to use, clean and economical 


stages of manutacture. in operation, Our technical advisers 


Pnthoven Tinmans, Blowpipe,  Ingot and laboratory staff are available for 


and Solid) Wire Solders are supplied o - consultation, Technical data, descrip 


to B.S. Specifications 219-1949 and tive literature and samples gladly sent 


; ; 
Customers’ spec ial specifications, on request, 


EN THOVEN souves encouers 


ENTHOVEN SOLDERS LTD, 89, UPPER THAMES STREET. LON 4. TELEPHONE NO- MANSION HOUSE 4933. TELEGRAMS: ENTHOVEN PHONE LONDON 
Pal 


fiso8 
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‘OVER ONE MILLION EATON TWO-SPEED AXLES IN TRUCKS TO-DAY 





N AXLES LIMITE 
ROAD, WARRINGTON, ENGLAND ~ 


e istered Office: 25 VICTORIA STREET, LONDON 5.W1.. ENGLAND 





You'll get friction-free service at Walkers. Bearings of 
all sizes and kinds are readily and quickly available 
As always with Walkers you can be sure of high 
grade quality, whatever you need. 

A telephone call, or a letter, will bring you immediate 
expert advice if you're in any doubt about your 


exact requirements. 
At Walkers we have the stocks — and the knowledge 
to help you 


YOU CAN GET THEM ALE EF. 


Complete London stocks include: 


Ball and Roller Bearings by Hoffman, Fischer, SKF, M. W. WALKE R& ST AFF LTD 


R & M and Timken; Thrust Bearings; Steel, ENGINEERS MERCHANTS 
Phosphor Bronze and Stainless Balls; Grease Nipples; ' - aa : _ 
IBEX HOUSE « MINORITIES +» LONDON + E.€.3 


‘Phone: ROYal 8191 (lO lines) ‘Grams: Makerlaw, Fen, London 


Lubricators; Ball and Plain Bearing Plummer Blocks; 
Roller Bearing Plummer Blocks; Shafting and 


Shafting Collars. MIDDLE EAST BRANCH — BAHRAIN PERSIAN GULF 
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Amtact (onstruction if , | R : [ ] 
| ~ ; 
" ACTING 


Al A 
BRAKE 


CYLINDERS 
for use with 


GIRLING 
SHOE 
ASSEMBLIES 


CLAYTON DEWANDRE 


COMPANY LIMITED 
LINCOLN ENGLAND 





LAPASLA 


MOULDED BRAKE LININGS 





The Cape Asbestos Co. Ltd., | 14-116 Park Street, London, W.1. Tel: GROsvenor 6022 
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it takes a 


MCI Ning 
to come as clean as this— 







—one good reason why every CAPASCO Lining is moulded 





Every trace of grease can be removed by normal degreasing methods. CAPASCO 


Moulded Linings are impervious to oil and grease mainly due to their uniform texture 






which is illustrated by the micro-photographs. Woven Linings are absorbent and should 


be discarded but CAPASCO can be cleaned 










and put back into service with the assurance 





MOULDED 





ot tull efficiency. In addition, the other 








special features of CAPASCO are : Dimen 





sional Stability —High Mechanical and Impact 





Strength Rapid ‘Wet’ Recovery —Extreme 












Resistance to Frictional Fade —Uniform W ear These micro-photographs of a Woven Lining 
; and of a CAPASCO Moulded Lining show the 

to ‘Wafer’ Thickness—-Non-Abrasive to Brake very striking difference in texture. It is this 
homogeneous structure of a Moulded Lining 

Drums — Suitable for Medium and Heavy Duty which is basically responsible for the excel 





lent overall characteristics. 





\pplication involving High Temperatures. 


LA 


MOULDED BRAKE LININGS 









The Cape Asbestos Co. Ltd., 114-116 Park Street, London, W.1. Tel: GROsvenor 6022 
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To withstand the intense stresses the metal of a bearing has 
got to be good. 


R4M Ball & Roller Bearings are made from an alloy steel made 
to exacting specification determined after years of research, 
which after heat treatment will ensure the greatest resistance 
to wear and fatigue. 


Every component is subjected many times to the most 
scrupulous inspections before, during and after manufacture. 


In this way you are sure of a product that will maintain 
smooth precision under the most exacting conditions of 
service, 


WUNSOME J J wt 


BEARING COMPANY LIMITED 
NEWARK- ON- TRENT, ENGLAND 


SS0VADVAIVIEPVAOVOSEOVO*AIPIAISNSD 
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TWIST DRILLS 
Jor increased output—loneger lhe 
VARIOUS TYPES FOR DIFFERENT JOBS 


AUTOMOBILE ENGINEER, fune 1953 





rs a . ‘ 4 


- 7 ow ye. 


Y 





Bearings of oven cars, kiln cars, lehr conveyors and all equipment 
subject to high temperatures can be properly lubricated 
only with ‘dag’ colloidal graphite. 


A thin, durable layer, obtained on almost any surface by simple 
application of a ‘dag’ dispersion, provides effective lubrication 
up to and above 1000 C., 


No sticking, no fumes, no coking you cannot afford to ignore 
this important, up-to-date, high temperature lubricant. 


For full data write for Technical Publication to : 


ACHESON 
18. PAZ , ONDON, 


IELEPHONI!I Whilteha 2034-7 i \M OILDAG ( \ LONDON 
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Why YOU 
should fit 
the M.M.D. 


Clevis ... 


A POSITIVE GEAR CHANGE LINKAGE 
Positive linkage allows a more positive gear change 
and the M.M.D. Spring Loaded Clevis Joint 
is the perfect solution to the problem of 
‘tsloppy'’ remote control gear change assemblies. 
Wear, slack and rattle on all mechanically 
operated linkages, can be eliminated 
throughout the life of the car, with the aid of 
this rationalized clevis design. Available 


to suit all requirements of the Motor Industry. 


Photograph by courtesy 
The Standard Motor Co., Ltd 


MIDLAND MECHANICAL DEVELOPMENTS LTD. 


PARKER STREET WORKS -: PARKER STREET +: BIRMINGHAM 16 
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ELECTRIC Process Heating 


® FURNACES « INFRA RED ~“HIGH FREQUENCY 





@ Bold thinking about bigger production de- Furnace Plant 
mands new methods of heat treatment. G.E.C, 
electric process heating ensures maximum output 
and true economy. The many heating equipments 
in its range are clean, safe, simple to operate and 
heat rapidly to constant correct and controlled 
temperatures. Its versatility is being proved 


every day. 


@ Its applications are many: for heat treating 
steel, setting resin glues, drying paint, and - 
ee rae G.E.C.CARBO-NITRIDING EQUIPMENT 
numerous other processes. One example, is G.E.C, 
a ee ° . ° e . This equipment vives freedom from distortior 
carbo-nitriding equipment, of use in the Aircraft pee pastes 
and uniformity of hardened case in the 
and Motor industry for case-hardening: steel. charge, with consequent improvement in wear 
resistance. 
fea le ‘ ‘ Cart ‘trove me inte — oe 
@ G.E.C, has had many years’ experience in the arbon and nitrogen are introduced into the 
surface of the steel at a temperature normally 
design and construction of heating plant. The an a ei. 
SIfn ¢ : 5 | ° between 800°C and 875°C. The steel is then 
Company’s specialists welcome opportunities to cooled at the rate required to give the desired 
° ° °. ° properties. This plant can be adapted to many 
discuss potential uses with engineers and ; ‘ 
types of charge by varying the carrying arrange- 


metallu rgists, ment inside the enclosures. 











MAGNET HOUSE, KINGSWAY, LONDON, 


AUTOMOBILE ENGINEER, June 1953 














NOW WE'RE GETTING TRU-WEL TUBES 


But there’s more to it than that. Strength, 


True enough! You never have to 
complain about a Tru-Wel E.R.W. tube. Mani- 
pulated components marry up to the assembly as 
snugly as you please; and as for straight lengths 
—well, did you ever know a Tru-Wel tube that 


wasn’t true? 


Tru-Wel Electrically Resistance 
Welded Steel Tubes 
Supplied in straight lengths 
from }$” od to 43” od in 
gauges 22 to 6, or manipulated 
to your special requirements. 
Also available in a range of 

standard sections. 


Tru-Wel Stainless Steel Tubes 


In straight lengths from 4” od 
to 2” o d in gauges 20 to 12 or 
manipulated to measure, are 
made from most Austenitic 
Nickel Chrome Steels, and 
some Ferritic Nickel-free 
steels. 


lightness, concentricity, | composition—the 
things that really matter with tubes—are uni- 
form for every batch of Tru-Wel. If one tube 
fits, they all fit. 


do it. 


If one does the job, they all 





TUBE PRODUCTS LIMITED, OLDBURY, BIRMINGHAM 
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TRAILERS... 
SAID THE SPY 


WHEELS... 
SAID THE DIPLOMAT 











",..CHASSIS FRAMES 
SAID THI FUTH 


rHE SECR 


Sankey oF WELLINGTON 


JOSEPH SANKEY & SONS LIMITED HADLEY CASTLE WORKS - WELLINGTON - SHROPSHIRE 
TELEPHONE: 500 WELLINGTON TELEGRAMS: SANKEY WELLINGTON 


AUTOMOBILE ENGINEER, june 1953 




















3 Ee a7 - DISTRIBUTORS OF MATERIAL 
- MES te CT AEA OT IN BULK FOR GT. BRITAIN 
KSO | eh Ue J. A. NORDBERG LTD. 
as GH. : ~~. ity 171, QUEEN VICTORIA STREET, [i 
‘ ‘ar PRECTC “eae . E.C.4, 








This new AC partial-flow oil filter with replaceable element meets 
the increasing demand for a filter that can be removed for inspec- 
tion and replaced every 8/10,000 miles. It provides a permanent 


installation for coupling into a by-pass oil supply system and _ the 








filtering element can be replaced without disturbing pipe connec- 





tions. Sump oil is filtered on an average of ten times an hour. This 


means less motor wear and longer motor life — the objective of 


























every motor manufacturer. 


S 
N 
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AIR CLEANERS °<- AIR SILENCERS - CRANKCASE 
BREATHERS CAR HEATERS FUEL PUMPS 


TY SPEEDOMETERS +* GAUGES - INSTRUMENT PANELS 


~ 


XX 


QUALITY 
PRODUCTS 


OIL FILTERS THERMOSTATS SPARK PLUGS 


WINDSCREEN WIPERS - DIE CASTING 








AC-DELCO DIVISION OF GENERAL 
MOTORS LTD., DUNSTABLE, BEDS. 


We'll gladly help when vou plan a new design or modi/ sting one. Write to 
and Southampton, Hants. 


{C Technical Bureau, 54 The Butts, Coventry; « me Coventry 61747 
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COVENTRY MOTOR FITTINGS 





and quantity radiator 
duction. Our Design Dept. is ab 


at any time to put forward a suitable 
type of radiator or allied equipment 


for your special requirements. 


COVENTRY MOTOR 
FITTINGS CO. LTD. 
COVENTRY Tel. 5144/5.6. 


Incorporating the C.M.F. 
FLAT TUBE BLOCK 





Cogen: 


Unremitting care in the selection of raw 
materials and in every stage of manu- 


facture at Stocksbridge enables the 


designer of automobiles, aircraft and 


other highly stressed machines to rely on 


Fox steels for high duty applications, 


COMPANIES UF 


SAMUEL FOX COMPANY LIMITED 


sociated with The United Steel Companies Limited 


sTOC K SBRIDGE OG CS Pr SHEFFIELD 


F.273 
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Is a tune-up really necessary ? 


kim Yes, unless they are specially tuned up, most of your customer’s cars just won't 
give of their best on the new premier grade motor spirits. fet. They'll go well, of 
course. But they could go better. Only accurate tuning-up will make sure your 
customer gets the best results from his car. Your customers will appreciate this 
service. gNa@. For a really accurate tune-up one of the three approved methods~ ‘Timed 
Acceleration, Tapley Acceleration Meter or Reference Fuel—-must be used. abe. They’re 
not child’s play but our folder “How to Tune-up” gives you all the details 


and complete instructions. It’s a good thing to kee it handy. 
p g g p 5 


Fill them up and let them feel the difference 
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Today Baush-designed multi-unit transfers are 
performing hundreds of operations automati- 
cally —one operator turns out the work ol 
many — costs are held to a minimum and 


production is greatly increased. 


Why not send us your prints : 
and specifications there's no 


obligation and we may save 4 


— 


“= 


+ — 
you many costly manpower . 


hours. ‘Phone, wire or 


write us today. 


Che four 2-way horizontal and one single way horizontal hydraulic machines — each with one load and two work 


stations, as illustrated, are a part of a complete transfer lineup designed to perform all machine operations 


on automotive transmission cases for a large American plant. With a production schedule of 80 


automotive transmission cases per hour this lineup drills, reams, counterbores, countersinks, 


rough bores, semi-finish bores and taps holes in both the single and double bore sides 


of case. Automatic turnover fixture is provided, prior to last machine in lineup, 


§ O to index case into exact position for tapping all holes in bottom face. 
Sole Agents 


The Selson Machine Tool Co. Ltd 


rouUn WW: 00m, Ae) 0 @ pumen 0-0-0 0°) oun, Rel Wa, ie Cemmek, ium aed, Belek, Baa, BA Aig 600 
4000 (lO) Telegrams: Selsomachi,°London enous 


Telephone Elgar 


524 smT89 
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DUALLOYS LIMITED. BODEN WORKS - CHARD- SOMERSET 
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WHY ISA 
CARD-PLAYER 
LIKE A 
CRAFTSMAN? 


= ANSWER’S SIMPLE : they both use FELT. From card table covers to engine gaskets, 
this versatile material has a hundred-and-one uses, 
At Long Meadow Mill we make nearly all kinds of felt—-from coarsest to superfine 
including felt for all Government specifications. And we are proud to add that ovet 
10,000 sq. vards of Meadowfelt were specially chosen in selected shades to carpet a large 
part of Westminster Abbey during the Coronation ceremony. 

We can give quick delivery, in the piece or expertly cut. May we send you a sample 


of the kind of Meadowfelt you need? Write to us today. 


IF YOU USE FELT... YOU WANT MEADOWFELT 


REGD, 
THE LONG MEADOW FELT COMPANY IDDERMINSTER THE FELT DIVISION OF CARPET TRADES LTD 
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PROPELLER SHAFT SUPPORT 


The sectional drawing shows a useful application of Timken 


tapered-roller bearings in commercial vehicles. 































































































































































































The propeller shaft support bearing is carried in a synthetic rubber 
block, which, deformed by tightening the end covers, is caused to grip 
the bearing cup and the frame bracket, giving a self-aligning support 
which also offers a certain amount of cushioning to bearing reaction 
impulses. 


BRITISH TIMKEN LTD., DUSTON, NORTHAMPTON; AND BIRMINGHAM 


Telephone: Northampton 4921/8 Telegrams: Britimken Phone Northampton 


SUBSIDIARY COMPANIES: Fischer Bearings Company Led., Wolverhampton, Timken-Fischer Stockists Led., Birmingham 


MADE IN ENGLAND 


REGISTERED TRADE M TIMKEN 


TIMKEN ff 


tapered-roller bearings 





shows the cam rise over two cycles. 
dotted trace shows time intervals of 


When a spring is abruptly compressed, its coils 
may be caused to “‘surge’’, that is, the centre coils 
are displaced relative to the ends to a greater 
extent than during the slow compression of the 
spring, and then vibrate. 


Normally, the compression of the spring subjects 
within its 


i 


the material to stresses which are well 
fatigue limit. When the spring surges, however, 

the oscillation of the coils is added to the normal 

movement. The stress-range to which the material 

is subjected is enhanced, and may become excessive. 

iboratory Surge is an ever-present hazard in coil springs 
which are compressed abruptly, such as tappet or 
injection pump plunger springs, and research of 
this type enables it to be guarded against in the 


The illustration above is from a research 
record of surge in a spring, the wavy lines showing 
the displacements of individual coils. The stress 
range in any turn can be deduced by observing 
the minimum and maximum turn-to-turn distance. design of equipment. 


Research of this nature guarantees the high quality and performance of C.A.V. Products 


Fuel Injection and Electrical Equipment 


cme 0 t*«*dC SY: V ORG So nO nD om pe. 


@ 174-609 
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Ultra Duty 


Shackle-pins 


Metalastik solutions to the shackle-bearing 
problem have been widespread. 





For the private car and light van, the Metalastik 
Ultra-Duty bush has become the nation’s standard: 
for the heavy public service and commercial 
vehicle the Metalastik High-Duty shackle-pin 


.\ 
b 
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' 
r 
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™ 
, 
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\ 
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ee 
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(first evolved at the request of Messrs. Leyland), 
has proved to be a spectacular success, and still 
good for continued service after 400,000 miles. 
Now Metalastik extend the range and provide, 
for the lighter buses and goods vehicle, the 
Ultra-Duty shackle-pin. This is an entirely new 
development combining the outstanding features 
of the Metalastik High-Duty shackle-pin, the 
preloading technique of the Ultra-Duty bush and 
the famous Metalastik rubber-to-metal weld, 
bonding the rubber directly on to the pin. 

It is made in two pin sizes and in widths to suit 
usual spring leaves. The outer sleeve is robust 
and rigid, for fitting into a rolled spring eye. 


METALASTIK LTD., LEICESTER 








(Alp 


REGO. TAADE MARA 


THE CACO M.I. OIL SEAL 


British Patent No. 479743 


The Scientifically Designed Oil Seal for Rotary Shafts. A Gaco Product. 


_— <n G 
3 2 OnRmC 


ANGUS OIL SEALS 


GEORGE ANGUS & C9 [TP 


FLUID SEALING ENGINEERS 
NEWCASTLE UPON TYNE, 6 
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Exhaustive tests at high speeds and production 
and use over a long period have proved the 
suitability of Darcast Flywheels in high duty 
cast iron for petrol and diesel engines and 
for compressors. Long specialised experience 
ensures homogeneity in the castings which is 
necessary to obtain uniform density with perfect 
balance, while the machining faces are free from 
hot-crazing and suitable for friction clutch 
operation. Our current production covers a 
wide range 7° -24" diameter and 8 - 300 Ib. 
weight in irons with @ tensile strength of 
15-24 toms per sq. in. Strict metallurgical 
control maintains the high quality of the material 
and advanced methods of mechanised production 
keep the cost of castings at the minimum. An 
interesting new leaflet is available on request. 





DARTMOUTH AUTO CASTINGS LIMITED 
SMETHWICK 40 BIRMINGHAM | 
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BOUND BROOK POWDER METALLURGY 


What are its 
possibilities 


The scope of the powder metallurgy process is not 

always fully appreciated. This technique, by producing 
machine parts quickly and cheaply, justifies the change 
from conventional methods. By the use of precision dies, 
accurately finished dimensions are achieved and so costly 
machining is eliminated. If your parts are suitable, exact 
reproduction can be made by powder metallurgy, otherwise 
a slight modification will normally bring them into line for 
production in this way. We would like you to read our 
leaflet “Sintered Components by Powder Metallurgy”. 


May we send you a copy? 


SINTERED METAL PARTS 


%* BOUND BROOK BEARINGS LTD 
are the manufacturer 
Compo oil-retaining Bea 


BOUND BROOK BEARINGS LTD., TRENT VALLEY TRADING ESTATE, LICHFIELD, STAFFS 
(A Birfield Company) Telephone: Lichfield 2027-2028 
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better in TEXOLEX 


RE-!INFORCED PLASTICS 


The illustrations show a sectioned 
gear blank and the finished spur gear 





5 real 


Mlustrations by courtesy 
of Morris Motors Limited 





THE BUSHING CO. LTD.,HEBBURN-ON-TYNE 





behind large four and Gesgecl dean trai 
missions such as the Fuller 4B-86 and 5A9? 
and are fuliy proved in service amounting 
many instances to 200,000 to 300,000 miles 


Conventional trunnion mounting or fron: 
The 3A92 can be equipped with the impr 


take-off, replacing the standard flat top cov 


off gear provided on the countershaft « 
power take-off, 


These boxes have helical gears mounted on 
being made by jaw-type clutches, 


Gear ratios : 
ef 3A92 — Overdrive 
e Direct 
Weight 
A92 — Direct 
Reduction 
2B92 — Direct 
Reduction 
Weight 


Exclusive European Represen' 
AUTOMOTIVE PRODUCTS CoO)! 
Brock House, Langham Street, Lond: 

Telephone : Langham 2527 








The 3A92 
nounting optional. 


/p-mounted power 
vith a power <ake- 
e a side-mounted 


ishings, all changes 


England 
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RIGHT | E 


y select the KIS 


byt be sure 7? m 
09 tt + 
we v e/ The purchase of a Drilling Machine 
macht 
involving as it does only small capital outlay, 


is not always given the attention it deserves. 














Most Machines 


will serve a purpose, but selecting the right one for the job is important. 
In-built accuracy, reliability, after-sales service —all these must be considered. 


Before you order, investigate the comprehensive ““PACERA™ range. Fully 


illustrated literature is available on request to assist in careful selection and 


if you choose ** PACERA ™ you will be assured of consistent long life service. 





ENGINEERING 
MARINE & WELDING 
EXHIBITION 


& THE CHEMICAL 
PLANT EXHIBITION 


OLYMPIA LONDON 








Pacera Drilling Machines (from 4 to 1h capacity) are manufactured SEPT 30d -SEPT. 17m 195) 
" u J 


at our own up-to-date specialised plant at Slough 


Visit Stand 4, 


W. J. MEDDINGS LIMITED Row K, Grand Hall 


Sales Offices and Showrooms 


oS, BERKRECEY STREET, LONDON, W.! 
Telephone MAYFAIR 6417 


Rathbone 
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Whatever 
the J ob 





DUNLOD 














there's a 





flexible pipe 
to carry it through 











DUNLOP 





__punto®, al 





! ny pl ‘ q inst f flexible piping. Write please [0 i= 


Vise ! / i i did } 
DUNLOP RUBBER COMPANY LIMITED: ST. GEORGE'S ROAD - COVENTRY - TELEPHONE: COVENTRY 64171 
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THE ‘MARLES’ 
DOUBLE-ROLLER 
GEAR, made in a 
range of sizes 
covering every type 
of chassis. 
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MADE BY THE PIONEERS 
IN PRECISION 
STEERING 
GEARS 


EFFORTLESS 
STEERING AND 
GREAT DURABILITY 


Hardened cam and roller. 

Tapered roller bearings (with detachable 
cones on the larger sizes). 

Double bearing support to rocker shaft. 

End-location adjustable. 

Larger angular movement. 

Very compact box. 

For fore-and-aft or transverse layout. 

Trunnion or spigot mounting alternative 


on heavy types. 


ADAMANT 
ENGINEERING CO. LTD., DALLOW ROAD, LUTON 


Sole proprictors of the Marles Steering Company Ltd. 
Telephone: LUTON 2662 (4 /ines). lelegram {LDAMANT, PHONE, LUTON 





STAINLESS 
STEELS 


OW ito Celcom ert Industry is another example of the ever increasing 
uses of ‘‘Trubrite’’ Stainless Steel in the form of Cold Rolled Strip and 
Wire, quite apart from the already well established uses of Bright 
Mild Carbon Steel Strip, Bright Steel Bars and High Strain Wires, 


with which we have for so long retained the confidence of AY Coleco) an Or ts 


and Motor Accessory makers. 


ARTHUR TG SONS LIMITED 


“TRUBRITE” STEEL WORKS ~ MEADOW HALL. | Wr. SHEFRELe 


ALSO AT CROWN WORKS, -BESSEMER ROAD, SHEFFIELD 9 


Phone : Sheffield 36931 (10 lines) 
€ 


£90-2 
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An electrically heated salt bath in the tool room 


Tools, dies, and gauges 


HEAT TREATMENT IN A SALT BATH IS RAPID, it gives 


results, and it protects the metal from 
oxidation — considerations particularly important for 
tools, dies, gauges, and all fine-tolerance work. An 
electrically heated salt bath will bring your tool room 
up to date, and will also give you the advantages of 

convenience, and accurate temperature 
control. 


Electricity for PRODUCTIVITY 


ENGINEER, 


uniform 


cleanliness, 


June 1953 


AUTOMOBILI 





The Rover Lid., Birmingham 


HOW TO GET MORE INFORMATION 


Your Electricity Board will be glad to advise you on 
how to use electricity to greater advantage — to 
save time, money and materiais. 

The new Electricity and Productivity series of books 
includes one on heating — “ Electric Resistance 
Heating ”. Copies can be obtained, price 9/- post 
free, from E.D.A., 2 Savoy Hill, London, W.C.2, or 
from your Area Electricity Board. 


Issued by the Britis] ( ‘ mont A ciation 





How are you fixed for CLUPS? ae aa 


popular ‘numbers’ 


If you are having trouble with clips, bring your problem to us. We 
80 and 81 — general utility clips 


show here a few varieties, but these, mark you, are only a very : : 
. : or tool racks, etc., from }” to 
small selection from our range of thousands of CLIPS...in every 2” from stock. 
possible shape, size and quantity — in phosphor-bronze, brass, steel, 
stainless, plated ... for every trade and profession. 
And if you want a ‘special’ let TERRY'S Research Department 
design for you — after all, we’ve got 98 years’ experience behind us. 


300 — an exceptionally efficient 
drawing board clip, 5/- a doz. 
inc. p.t.) from stock. 











257 — a useful clip in black 
enamel, from |” to 1)”. 


a clip for kitchen cabinets 
— rustproof finish. 





HERBERT TERRY & SONS LTD. REDDITCH (The Spring Specialists) Really interested in springs? 
This book — Spring Design and 
BIRMINGHAM : LONDON : MANCHESTER Calculations packed from cover 


to cover with spring data, is yours post 











— — free for 12/6 
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HERBERT 


A NEW HILGER UNIVERSAL PROJECTOR TT600 


With this new projector the user not only can perform the normal comparison 
of a projected image with lay-outs, but also has a precise and convenient measuring 
machine for use when a higher order of accuracy is required. The projector can be 
used in a manner similar to that employed with a toolmaker’s microscope but with 
the advantage of a very much larger capacity and field of view. The image is viewed 
on a screen and, since the user employs both eyes, eyestrain is practically eliminated. 

IIlumination, as in all Hilger Projectors, is of a very high standard, enabling 
the image to be clearly seen in a normally lighted workshop. 

The work stage, protractor and lamp house controls are all grouped for easy 
access; the general arrangement enables the operator to work for long periods 
without fatigue. 

The 17in. diameter Projection Screen is mounted in a_ built-in Protractor, 
accurately graduated. Readings to an accuracy of within | minute can be made. 

The Measuring Unit 
will admit work up to 
i i 8in. diameter by 9in. 
| long. 
The Projection 
Lenses are carried in a 
massive mount and are 
rapidly changed for 
different magnifica- 
tions, x 10, « 15, x 25, 
«50 and = 100; they 
are free from distortion 
over the whole field of 
view. 


| 
| 
| 


Full particulars will be 


sent on request. 


Apply to:— 
Measuring Room, 
Head Works. 


*Phone: 88781-Ext. 139. 


SOLE AGENTS: 


ALFRED HERBERT LTD COVENTRY 
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THE SILENT PARTNER IN VEHICLE 


Aa Sher Aapplieateorn of rhe. 
“FLEXILANT 


OWALKD 


SERIES 77 





HM... we have a case where a range of vehicles 


is fitted with removable 


hodies—and where aprons are needed only when the bodies are in use, 


The *Flexilant’ Bollard supplies in the simplest possible form, a fixing 
medium which solves what could otherwise be a difficult problem—instant and 
automatic attachability — rigidity — silence in use— self-placement. The 


*Flexilant™ Bollard is the perfect clinch-grip fixing with endles 





sapplications. ~, 


























RUBBER BONDERS LIMITED 


IN ASSOCIATION WITH EMPIRE RUBBER COMPANY ( Proprietors; H.G. MILES {TD.) 


DUNSTABLE:: +> BEDFORDSHIRE 
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the 


Perfect C, amshaft Material 





Biddddd 
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Parts are incorporated in all types of 
production, they simplify 
design, improve the product and reduce 
costs — the benefit of our experience 
is yours for the asking . . . 


a 


——— 
= - 























THE MANGANESE BRONZE & BRASS (0. LTD., ELTON PARK WORKS, HADLEIGH ROAD, IPSWICH 
Telephone: iPSWICH 55415-6 Telegrams: OILITE, IPSWICH 
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The LAYRUB PROPELLER SHAFT is. widely used in. the 


transmission systems of cars, commercial vehicles, passenger 
transport vehicles, tractors, diesel railcars, and many others. 


It provides a perfectly smooth drive owing to the absence 


of metal-to-metal contacts; no lubrication is 


required, 
little maintenance, 


therefore, 


The illustrations show, Fig. |. the Layrub Shaft installed 


on a Jowett ‘Javelin’ car, Fig. 2. and Fig. 3. typica! 


installations used very extensively by the leading 


Commercial Vehicle manufacturers at home and 
abroad. 


Write us for technical catalogue which 


we shall be pleased to mail you, 














ia 
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Europe’s largest 
malleable producers 


Ease of machining is just as characteristic of Ley’s ‘Black 
Heart’ malleable castings as their strength and rigidity. 
Ley’s castings are being used more extensively for 
exacting requirements. 

The illustration shows a rear axle housing for a famous 
automobile, with special cored lubrication passages. 


LEY‘S ‘BLACK HEART’ LEY’S ‘ LEPAZ’ 
MALLEABLE CASTINGS: MALLEABLE CASTINGS: 
Elongation : 18% Elongation: 6% 
Yield Point : 16 tons p.s.i. Yield Point: 21 tons p.s.i. 
Tensile strength: 24 tons p.s.i. Tensile strength: 35 tons p.s.i. 


We offer your designers the full collaboration of our engineers. 


LEY’S MALLEABLE CASTINGS COMPANY LIMITED, DERBY 
TELEPHONE: DERBY 45671 











Power for 
a wax-sprayer 


An ‘ENGLISH ELECTRIC’ 

} h.p. motor drives 

the Ault & Wiborg wax spraying 
attachment to printing machines 
shown in the illustration. 

It is an interesting example 

of f.h.p. motor application, 
giving a hint of the very wide 
scope of the ‘ENGLISH ELECTRIC’ 
range. 

The latter offers standard 
motors of proved performance 
and reliability 

single and 3-phase A.C., 

with split-phase or capacitor 


start, also D.C. types. 


ENGLISH ELECTRIC 


f.h.p. electric motors 











THe ENGLISH ELECTRIC Company Limitepb, QUEENS Houst, KINGSWAY, LONDON, W.C.2 


F.H.P. Motors Department, Bradford 


WORKS: STAFFORD PRESTON RUGBY BRADFORD riverRPoot 
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the new features of 


present their 
fuel pumps in detail 
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NEW elements, highly resistant to wear from 


dirty or badly-filtered fuel. 
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The new Simms pump clement is designed for 
maximum resistance to wear, to combat the arduous 


operating conditions met in overseas markets 


Observe how the plunger design preserves the maximum 


 oemaneaemmersaceres AP 05 
SSS 


SS 


wearing surface at the vital upper end. 

Observe the straight control slot in the plunger which 
B 

provides an accurate preciston-ground control edge. 


Observe the simplicity of design, making for case of 


manufacture resulting in low initial and maintenance cost. 











i FUEL INJECTION 
LIGHTING & STARTING EQUIPMENT 


SIMMS MOTOR UNITS LTD: OAK LANE EAST FINCHLEY+> LONDON: N2 


SIMOTUNIT, EASTFINCH, LONOON Smees 2538 


Telephone. FINCHLEY 2262 (20 tines) Telegra 
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KIRKSTALL FORGE ENGINEERING LTD 
LEEDS 


Telephone: Horsforth 2821 
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Specially blended to give 


MAXIMUM 
ENGINE PERFORMANCE 


SPECIAL 


CLEVECOL SPECIAL is blended to produce the highest engine 
performance —greater power, more mileage, faster and smoother acceleration, and a 
lot more pleasure in driving! Clevecol Special is far superior to 


any petrol previously marketed. 


The Super quality Petrol distributed by 


CLEVELAND 


THE SPECIALISTS IN 


MOTOR SPIRITS 


CLEVELAND BENZOLE MIXTURE 


1s a most excellent blend for smooth running and extra miles per gallon. 


CLEVELAND GUARANTEED 
the well-known general purpose spirit is superb value for engines which do not 
demand a premium grade. 
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Ferk it, jolt it, 
jostle it... by all the laws of vibration 
a nut should loosen in time. But not the Nyloc. 
It takes more than this to prise the special insert of 
nylon from its grip on the bolt. The nut is not 
affected by bolt dimensional limits, and oil, heat 
and moisture don’t worry it in the least. It’s there 


and there it stays, until you choose to remove it 


al 


Saas =) 
Equally single-minded are the Fibre Nut) \ 


(©) 
with its fibre insert, and the Pinnacle Nut, J i) 

with its metal diaphragm. If you have any problem that involves 
vibration, one of these three is the nut you are looking for. Let us 


advise you which is best for your particular job. 


Giiow: SELF LOCKING NUTS 


SIMMONDS AEROCESSORIES ‘ PONTYPRIDD - GLAMORGAN 


Also London, B 


LIMITED - TREFOREST 


ngha »ckho Melbourne, Sydney, A 
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Standard equipment 
for British motor cars and 


commercial vehicles ... 





Write for Catalogue Ref. 115/07/20-M 


Py oe RENOLD & COVENTRY CHAIN CO LTD * MANCHESTER 
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FOUNDRIES LTD 


for Reliable Castings 


IN BLACKHEART MALLEABLE 





A group of typical castings in regular production 


Founded in 1906 and suppliers to the Motor Trade for over 40 
years. Pioneers in the use of Rotary furnaces. Laboratory 
controlled throughout. Notable for accuracy, reliability and easy 


machinability. We have our own machine shop and castings can 





be supplied fully machined if desired. 


FOLLSAIN WYCLIFFE FOUNDRIES LTD., LUTTERWORTH 
Nr. Rugby. Tel. Lutterworth 10 & 60 
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In the construction of vehicles for all forms 
of transport ‘ Duralumin’ is the first step to 
more profitable working. It is therefore not 
surprising that such a go ahead concern as 
Duple Motor Bodies Limited should be 
numbered among our many customers in the 
transport world. ‘This aluminium alloy is 


only one-third the weight of steel — saving 


A handsome double-deck body on 
Daimler chassis, constructed by Duple 
Motor Bodies Ltd., The Hyde, 
Hendon, N.W.9, by whose courtesy 
this photograph is reproduced. 


BOOTH & COMPANY LIMITED 


4 Nottingham 


they ride with 


4 


i\ yl ai 


aeoo Tf 


fuel and tyre-wear—yet it can be relied 
upon to give long service under the most 
arduous conditions, because of its resistance 


to corrosion and to road-shocks. 


‘Duralumin’ is the trade name under which 
we market a range of aluminium alloys that 


cater for every need. 








ARGYLE STREET WORKS + BIRMINGHAM ° 7 


BIRMINGHAM OmMeis 
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FRUSTACON.. 


... the first 
scientifically designed 


flexible mounting = 
fitted to the a 
1.F.S. of a Production Car 


f 
de range ° 
des a w! red 0 
hich prov! design aite 
nting. W d its 
5. System The wget coil spring = 
» fitted in a" : ; top or bottom of 
ne t 
+ Frustacon fitted att 
silentbloc”  s, may be 
deflection rate” 
suit any system 


SILENTBLOC LTD. 


VICTORIA GARDENS 
LONDON, W. I. 


TEL. PARK 982/ 
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To minimise the transmission of 
road noise to the body by the 
coil springs, Silentbloc Frustacon 
mountings have been incorporated 
in the I.F.S. of the 1952 Rover ‘75’, 
This notable step forward in the 
reduction of noise is another 
example of co-operation between 
car manufacturers and Silentbloc 


Ltd. 





THE wontsaee 
PRODUCTS BY 


_ARE 
(AGAIN AVAILABLE 


5 


TRAFFORD PARK. MANCHESTER 17 
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Accurate control of temperature 


Simplicity of operation 
‘Cassel’ | 


Low cost 


Salt Baths High output 


for heat-treatment Clean, scale-free finish 
F ; Uniform results 


iit 

it 
hk 
. 


ca 
The ‘Cassel’ Heat-treatment Service 


offers technical advice on all heat-treatment problems. Samples may be sub- 
mitted for treatment or testing at the demonstration centres in London, 


Birmingham and Glasgow, no charge being made for advice. 


For further information consult: 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1 
fl ial 


ey, 
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tliner fuel system 
Aircraft Co. Ltd. 


of, 


Wing Construction é 
Courtesy of De Havill ‘ 


Half-section example 
we Ws before and after tightening 


e@ @ @ where a washer must combine the duties of a seal, a 
Dowty Bonded Seal carries out this dual role with added efficiency. 
This unique, handy and foolproof combination of specially sectioned rubber 
seal bonded to a metal washer is available in a wide range of sizes and, 


dependent on dimensions, suitable for pressures up to 10,000 Ibs /sq. inch. 





DOWTY SEALS LIMITED, ASHCHURCH, GLOUCESTERSHIRE 
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SPEEDICUT WORKS - CARLISLE ST. EAST - SHEFFIELD 4 
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Pick up these not-so-costly power 

drills for any drilling job that comes along! 
They’re light, compact and built with depend- 
able Black and Decker thoroughness. You need 
this type of drill around your workshop 
—for construction, assembly, mainten- 
ance and repairs ... for drilling in any 
material from wood to steel. Bench 
stands are available for both models. 
Get in touch with your nearest 
B & D Distributor — he will show you 
these special time and money saving 
Black & Decker Drills. 


Write for fully 
illustrated literature of the 
world's largest range of Drills, 


Sanders, Saws, Bench & 
wanes amd BLACK & DECKER LTD - HARMONDSWORTH ° MIDDX 
: PHONE: WEST DRAYTON 2681-7 
LONDON « BIRMINGHAM * BRISTOL * GLASGOW - LEEDS - MANCHESTER « NEWCASTLE « NOTTINGHAM 


TOWSON, U.S.A. + TORONTO, CANADA + SYDNEY, AUSTRALIA - MEXICO CITY, MEXICO +» SAO PAULO, BRAZIL 


Smee's 
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Cylinder Block 
Weight 633 Ibs. 


lilustration by courtesy of 
Messrs. Downier Co. Ltd. 


Cylinder Head 
Weight 143 Ibs 


by Ourtety oo 


STERLING 
Cylinder Stok \ 4 d 4 


deenen, Wines Saar 408 MET \ | . 1TW) 
Coventry 


eeu TELEPHONE COVENTRY 8903) (6 LINES TELEGRAMS STERMET PHONE OVENTRY 


Also Manufacturers of Sand and Gravity Die Castings in Aluminium and ** ELEK TRON ”’ Magnesium Alloys 
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TOLEDO WOODHEAD SPRINGS LIMITED - SHEFFIELD 3 


TWS52 
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CAA YE WANT 


70 BORROW ALITTLE ‘ORSE? 


I ADOPT THE DRESS and the obnoxious 


jargon of the Spiv (said the Managing Director 
laughingly) merely to draw your attention to a 
remarkable opportunity : 

If you think there might be a use in your works 
for our small power tools, you can experiment at 
our expense. In fact, if I may adapt a phrase 
devised by Sir Somebody Else (V signs to you) 
“ We'll lend you the Tools and you try them 
out on the job”. This, as our customers well 
know, is not a new departure. It is part of our 
policy of keeping direct contact with them so that 
we may continually find more and better ways of 
serving them. Indeed we may claim without fear 
of contradiction that it is our constant aim and 


endeavour so to... 


(The Old Boy’s starting to get pompous, 
don’t you think? Let’s not listen...) 
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DESOUTTER BROS. LTD 


ON, LONDON, N.W9 


NCALE 6346 (5 LINES) 


DESPNUCO, HYDE, LONDON 











Ferodo always make ample allowance for ab- 
normal use. They ensure that Ferodo Linings 
are more than equal to their tasks by subjecting 
them to physical tests of any desired severity, 
duration or frequency in the Ferodo Test 
House. Within a few hours the specially de- 
signed machines can reproduce the effects of 
months or years of grinding wear, enabling 
efliciency and temperature to be measured and 
recorded at all stages, under conditions harsher 
than would actually be experienced. 

To reveal any characteristics undiscovered 
by this and similar machines, Ferodo linings 
CHAPEL-EN-LE-FRITH 


FERODO LIMITED 








A 
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The Constant Torque 
Small Inertia Test 
Machine shown here, is 
‘ used for developing 

& linings for cars and light 
ual commercial vehicles. 
It is driven by a 25 h.p. 
electric motor and uses 
a specially designed 9 in. 
drum which reduces 
bell-mouthing to a 
minimum and gives a 
uniform temperature 
across the working face 
of the drum. 


at me | ) 
' 


é 


; 
; 





ee Ss 
ss x BS 


A 
A 





ie 
4 
4 
UHI 


are finally and practically tested on the roads 
and the M.I.R.A. track by the Ferodo Test 
Fleet of modern cars, maintained specially for 
this purpose. 

The Ferodo Test House is one of the best 
equipped in the world. Its resources and the 
services of the technical staff are freely at your 


disposal. 


FERODO 


BRAKE & CLUTCH LININGS 





Member of the Turner & Newall Organisation 
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ENITHs choose HARPER CASTINGS 







































































































































































Harper quality covers iron cast- 
ings, and also metal pressings, 
machining, enamelling and other 
finishes and sub-assembly work. 

























































































































































































Harpers supply the grey iron body 
castings for the Zenith Stromberg type 
carburetter which is fitted to such 
famous cars as the Humber, Sunbeam- 
Talbot and Austin Sheerline. 

The requirements are consistent 
accuracy, freedom from porosity or 
defect, strength and high surface finish 


—all found in Harper Castings. 


HARPER 
CASTINGS 


JOHN HARPER & CO. LTD. JOHN HARPER (MEEHANITE) LTD. 
ALBION WORKS Phone: WILLENHALL 124 (5 lines) Grams: HARPERS, WILLENHALL WILLENHALL 





LONDON OFFICE: SEAFORTH PLACE, 57, BUCKINGHAM GATE, LONDON S.W.1 
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Tel.: TATE GALLERY 0286 


M. 389 
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FOUR SPEED GEARBOXES 


A four speed gearbox for 
34-4 ton commercial vehicles, 
sturdy, compact, quiet and easy 
to operate, 


Suitable for right or left 
hand drive. 


Maximum engine torque 1600 
Ib. ins. 


Other David Brown gear- 
boxes include Models No. 045, 
542 and 557. With five forward 
speeds they are ideal for heavy 
vehicle duty. 

Specify gears by David Brown 
for reliability and long service, 


Illustrated specifications 
gladly sent on request. 


DAVID BROWN & SONS (HUDDERSFIELD) LTD 


A DAVID BROWN COMPANY PARK GEAR WORKS HUDDERSFIELD 
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“SILVER FOX... the metal of the age 


y : Motor vehicle components and fittings made 
4 of Stainless Steel cause no anxiety to the owner 
the surface can never wear or peel off; the metal is 


Negi stered lrade Marks 


stainless right through. There is no need to polish; 


STAINLESS just a wipe with soapy water and they come up 
STEEL bright and unspotted for the whole life of the car. 


“Silver Fox’’ Stainless Steels are now available tothe 


discriminating motorist in ever-increasing quantities. 


Our colour photograph shows Hub caps by courtesy of the Ford Motor 
Company. Steering Wheel by courtesy of Wilmot Breeden Limited. 





COMPANIES LP 
SAMUEL FOX & COMPANY LIMITED 
Associated with The United Steel Companies Limited 
STOCKSBRIDGE WORKS «: Nr. SHEFFIELD * ENGLAND 
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GUD HIGH TENSILE STEEL SOCKET SET SCREW 6 B.A. x 4” 


QU HIGH TENSILE STEEL SOCKET SET SCREW §”~ 4” 


Whenever 
you meet an 
Unbrako Socket Screw 
whatever its size 


you are meeting 
something 


tough. 


Available for immediate delivery. 
Send for free samples. 


UNBRAKO SOCKET SCREW CO. LTD. 


Manufacturers of Unbrako standard socket screws 
and special screws to A.I.D. requirements. 
Please send us your enquiries. 


COVENTRY ENGLAND 


AUTOMOBILE ENGINEER, June 1953 

















SERVING THE AUTOMOBILE INDUSTRY... 


ower in the workman’s hand is the key to faster production. 
That power is applied with the greatest efficiency through 
the medium of CP tools. The Consolidated Pneumatic 
organisation offers to manufacturers an outstanding selection 
of top performance drills, grinders, screwdrivers, nut- 
runners, studsetters, impact wrenches and production line 
equipment. Whether you use compressed air, Hicycle 
electric or Universal electric power there are fine CP tools 
of all classes for your job. Descriptive literature is always 
available on request. 


FOR THE RIGHT APPROACH . . . THE RIGHT EQUIPMENT 


CALL IN CONSOL! DATED 


CONSOLIDATED PNEUMATIC TOOL co. LTD ° LONDON 4 FRASERBURGH 
Reg. Offices: 232 Dawes cad, London, S.W6 * Offices at Glasgow ~ WNewcastie © Manchester * Birmingham Leeds * Bridgend * Belfast 
Dublin - Johannesburg * Bombay Melbourne ~* Paris Rotterdam * Grusseis * Milan and principal cities throughout tha World 
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BRIGHT ek 


Specified ab Standard Equipment by Designers of Butains Praest Cars 

















KS TATED BN 


AANAS 
BRRMSTRONG SADDLLEN 
RUSTAW - BENTLEN 
COMMER - DAIMLER 
FORD - GUY - WHEALEN 
A\LLMAN - DUMBER 
SAGVAR - SOWETT 
LANCHESTER 
LEAFRANCAS - MG 
WMORRAS 
ROLLS- ROKCE 
RONER- ROSENGRR 
S\MCA- STRAADARD 
USEAL y A TRAUMPR 
: TRORRN CROFT 
NERDETTE- NOLSTARN 
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SNAPPON 


SNAPPON 


ME TYPE 


MARK | MARK LU 
DRAFTEX 


KECU 
TF TVPet 


Covered by one or more of the following British Patents ow 
516472 631890 2754/50 21989/5! 
522025 655268 8228/5! 2597/51 WE introduce, 
548757 649137 12341/51 8555/52 range of scie 


588898 655299 17078/51 11756/52 
617595 9526/50. 1924/51 MS41/S2 


Patents and patents pending in all the principal countries of the world. 
Also covered by registered designs 


“DRAFTEX".. 


able to all cars not pro 


BRIGHT MANUFACTURING COMPANY LIMITED 


METEOR WORKS - COVENTRY 
Telephone: Coventry 2550 











FORD 
SPEEDS THE PLOUGH 


SPECIALS 
INCREASE PRODUCTION 


ARCHDALE special and standard machines are well 
represented at Ford Motor Company Ltd. on the pro- 
duction of the new FORDSON MAJOR tractor. And 
here is a battery of our No. 3. multi-spindle machines, 
drilling and reaming tappet holes in cylinder blocks. 
If your requirements cover really high production 
drilling, tapping, reaming, boring or milling...or any 
combination of these operations...we shall be pleased 
to co-operate with you on the design and building of 


special machines to suit your specific requirements 


4 
= 
i 


tiyeets 


HLL! 


JAS. ARCHDALE & GO., LTD. BIRMINGHAM 16 


_ TELEPHONE . EDGBASTON 2276 (3 LINES) TELEGRAMS . ARCHDALE, BIRMINGHAM 
SOLE SELLING AGENTS ALFRED HERBERT LTD. COVENTRY 
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costs ? 


Why not q clear the decks? j 


P 


*. 1. ALUMINIUM LIMITED, 
OAD, TYSELEY, BIRMINGHAM 11 


OCKS GREEN 3333 


ind Aluminium Alloy Ingot, 
Sheet, Strip, Tubes and 
ill Commercial, A.I.D. and 
fications 
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STANDARD HOLDER 


Cut away to 
show 2-cycle 
geared index 
mechanism. 
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REDUCE DIAMOND AND DRESSER COSTS ~ a LOW - LEVEL 


Ba Sharp Diamond Edge always ready. SURFACE GRINDING 
® New Sharp Edge presented by a turn of the knurl BLOCK 

@ Diamond wear reduced by 45% on average. 

@® Diamond bit interchangeable in different holders 

@® Holders for all types of grinders. 

@® Fitted as easily as plain dressers. 

@ 24-hour Resetting Service. 


The patented mechanism of the LUNZER Sharp-Edge dresser enables the use of a sharp diamond 
at all times. Now, wheels can always be dressed keen and open, with less diamond wear and less 
frequent setting. The operator merely opens the clamp screw, turns the knurled head till it clicks 
into its next index, then tightens the clamp. A new sharp edge of the previously worn diamond 
flat is thus ready for application. Only when the diamond is worn down to the matrix has the bit 
to be removed for resetting and we provide a Twenty-four Hour Resetting Service. 


Primary advantages are reduced diamond and dresser costs and the elimination of production hold- 
ups. The bit is interchangeable in various holders for all types of grinders; fewer diamonds are 
needed in stores. 


Standard diamond bits and holders are available ex stock. Please ask for fully detailed brochure. BIT interchangeable in all holders 





BRISTOL: Mr. W. Barrington, 43 Briercliffe Road, Coombe Dingle. Tele. STOKE BISHOP 82333 
CARDIFF: Cardiff Foundry & Engineering Co. (1947) itd., Curran Embankment. Tele. CARDIFF 32701 
GLASGOW: 4% Carlton Place, C.5. Tele. SOUTH 1121/2 
Leeds: 27a Butts Court, Albion Street. Leeds, 1. Tele. LEEDS 34251/2 
LONDON: 93 Albert Embankment, $.£.11 Tele. RELIANCE 3891/7 
MANCHESTER: Daimler House, Wilmslow Road, 14. Tele. RUSHOLME 2333/4 
NEWCASTLE: Mr. C. H. Viles, 12 Holmwood Ave., Monkseaton, Whitley Bay. Tele. WHITLEY BAY 24296 
NOTTINGHAM: 51 Carrington Street. Tele. NOTTINGHAM 47701 


(Warehouses: LONDON, NOTTINGHAM, MANCHESTER, LEEDS, GLASGOW) 











DISTRIBUTORS 


BURTON GRIFFITHS & CO. LTD. 
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| SPRAYLOGICS-«: the Facts of Spray Painting / 





can you trace 
Defective Spray Finishes 
to ~ "od 





Do your operators know 
* Use of correct air pressure? 
* The cause of a fluttering spray gun? 
* How the gun should be cleaned? 


Now ready FREE! 


No. I in the series “The Facts of Spray Painting” * 


ABC of 
Spray Painting Equipment © 


The answers to these and a host of other practical spray-equipment 
problems are given in the “ABC OF SPRAY PAINTING 
EQUIPMENT” now available free on request. One hundred and 
forty four questions and answers covering practically every point 
arising in everyday spray finishing practice —a real help in 
achieving the highest possible efficiency. Write now to Dept, 6Q. 





No. 2 READY SOON! 
Spray-Gun Selection Guide 


An invaluable guide to the right guns and the right 
nozzles and air caps to choose for almost every type 
of work and finishing material. Reserve your copy 


today. 








DEVILBISS 
AEROGRAPH 


The SYMBOL (({EY37\ of SERVICE 


The Aerograph Co. Ltd., Lower Sydenham, London, S.E.26. Telephone: Sydenham 6060 (8 lines) 
Branches and Showrooms: LONDON, BIRMINGHAM, BRISTOL, GLASGOW, MANCHESTER. 
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Rubber-bonded-to-metal mountings provide the most effective and economic method of damping 
vibration. But the design must be right and the bond beyond question. You can be sure of both at 
Andre where the technical service and production facilities of a company specialising in bonding and 
moulding rubber are at your service. Our Technical Department welcomes the opportunity to 
co-opesate in the development of new applications of engineering rubber. 


Write for a copy of ‘ Elastomeric Engineering Examples’’—a photographic record 


A selection of Rubber- 
of the wide range of rubber and rubber/metal components produced by ANDRE. 





bonded-to-metal mount- 
ings and bump stops 
manufactured by Andre. * a 


an 



















Road 
Springs 








according 








to 
Cocker 


-cocl and Camunaled 
COCKER BROS LTD 


FITZALAN WORKS - SHEFFIELD 9 - TELEPHONE 41188 


























HENRY WIGGIN AND COMPANY LIMITED «© WIGGIN STREET + BIRMINGHAM .: 16 a 
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POLLARD 
SOLID AND FLEXIBLE ROLLER BEARINGS 


THE BEARING ASSEMBLY 
ILLUSTRATED CAN BE SUPPLIED 
AS A HIGH PRECISION TYPE 
SUITABLE FOR GEAR BOXES, 
ETC., OR AS A COMMERCIAL 
TYPE FOR LIGHTER DUTY 

\, APPLICATIONS. 




















take all your beatings in 


POLLARD 


TELEPHONES 


KNOTTINGLEY 
TELEGRAMS gra a 


BALBEARING,”’ FERRYBRIDGE 
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Solex (Gauges) Limited 
are happy to announce 
that they have now moved 


into their new Factory. 


PLEASE NOTE THAT . 
THE NEW ADDRESS 


SOLEX (GAUGES) LTD 


72 Chiswick High Road, London, W.4. Telephones: CHiswick 4815* 


AUTOMOBILE ENGINEER, June 1953 





NORAL 


MAKERS OF NORAL SHEET, STRIP, PLATE, SECTIONS, TUBING, WIRE, FORGINGS, CASTINGS, ALPASTE FOR PAINT 
SALES DEVELOPMENT DIVISION: BANBURY, OXON ALES OFFICES; LONDON, BIRMINGHAM, MANCHESTER, BRISTOL, NEWCASTLE-ON-TYNE, LEEOS 
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Smethwick Drop Forgi Mos 


SMETHWICK DROP FORGINGS LTD, SMETHWICK & KIDDERMINSTER, ENG 
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RIN 


BIMETALLIC BONDED INSERT PISTONS 


© ELIMINATE RING AND PISTON BREAKAGE 
@ MAKE GROOVE ZONE WEAR NEGLIGIBLE 
@ SAVE COSTLY LAY-UP TIME 


© ADD THOUSANDS OF HOURS OF 
EFFECTIVE RUNNING 








We LLWORTHY 


‘THE CHOICE OF THE EXPERT’ 


For literature on the AL-FIN Bonded Piston, please write to WELLWORTHY LIMITED, LYMINGTON, HANTS 
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Races and Trials 

“gy N the very early days, motor races, hill climbs, and 

competitions arose from, and were largely dominated 

by, the spirit of adventure. Such events were “sport”; 

fairly pure, and comparatively simple. Special 
purpose cars did not exist, and it was all “‘good clean fun”’. 
Certain constructors soon realized that it was also good 
business, and some made particular efforts to cash in on 
this aspect. Even so, it was then a far cry, for example, to 
the highly specialized design and organization such as 
lay behind the great German racing ¢quipes during the 
pre-war years. 

By that time it was fairly evident that not only was 
success in competition work good business, but that a 
valuable facade of National prestige had become associated 
with prominence in racing and trials. Most of the motor 
manufacturing nations had entries in the big international 
events and much of the experience thus gained was 


reflected in improvement of the ordinary motor car of 


commerce. Competition work helped to give the world a 
better product. 


Commercial considerations 

Whether or no the completely special racing machine 
justifies itself commercially is a large and debatable subject. 
Today the sums that can be involved in such ventures are 
so vast as to be difficult to justify as an individual venture, 
even granted the enhancement of National prestige and 
that of an industry as a whole. Where however a more or 
less standard product is involved, the expenditure is 
relatively modest in proportion to results that can be gained. 

Certain firms have proved quite conclusively that in 
such cases competition work pays large dividends. Never- 
theless, this path once embarked upon, carries definite 
and serious obligations. The reputation and publicity so 
gained has to be maintained. Calamitous and ‘‘inexplicable”’ 
failures must at all costs be avoided. Because of the 
reputation that has been created, a good showing must at 
all times be made. 

Success cannot of course always be assured. A good 
and consistent performance can however be guaranteed, 
providing there is sufficient care and determination behind 
the effort. This above all implies meticulous attention to 
detail work, both theoretically and practically. Organiza- 
tion, simple, direct, and of the right kind must obviously 
be provided, but above all, the technical work must be 
impeccable. 
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That this particularly, has not always been of the highest 
order, past events amply demonstrate. Races have been 
lost, and nearly lost, owing to some trifling weakness that 
would never have passed a competent engineer. Humility, 
not jollity should be the keynote and the guiding spirit 
in the competition section. Where such work is not 
sectionalized, success will be largely fortuitous and cannot 
be effectively planned. However sound and suitable the 
standard product used in competitions, certain modifica- 
tions are inevitable, and these are obviously the weak links. 


Basic requirements 


The fundamental law is that no departure from standard, 
no innovation, however trifling, can be permitted to go 
into a competing car without a really gruelling test, sur- 
passing or at least equalling, anything likely to be en- 
countered in the event. To be really on the safe side, even 
well proved standard units such as gearboxes, axles, shock 
absorbers, steerings, suspensions, etc. should be fully 
dismantled and rebuilt under the eye of a really experienced, 
qualified, and highly skilled automobile engineer, and under 
view room conditions. Control of a competition section is 
emphatically not work for a racing expert, but for a top 
grade engineer who is going to see to it that his cars will 
at least complete the course. 

The casual and haphazard procedure still in some cases 
followed, can lead only to disaster sooner or later. While 
the luck holds, the happy-go-lucky spirit will enable an 
entrant with a basically sound product to “get by” for a 
time. Sooner or later however, the shock arrives. When 
the failure or failures occur, the post-mortem invariably 
discloses nothing mysterious, but just something that 
could have been foreseen by any sound engineer really 
giving his mind to the job beforehand. Very seldom 
indeed does some completely unforseeable and mysterious 
breakage occur, particularly on every car in the team. 


Late modifications 
Last minute modifications are an open invitation to the 
demons of ill-luck. Better withdraw the car or cars from 
the race than offer such hostage to fortune. The vital 
point is that in the limelight of international competition, 
entrants must take more care in their preparations. They 
must be really serious, perhaps a little sad, but above all, 
be safe. Why fritter away the exceptional advantages of a 
well developed and outstanding product, along with 
laurels already won ? 
Given a good and suitable standard chassis, a small, 
i 
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independent, but high priority competition section is a 
very worthwhile adjunct to any factory. It must however 
be staffed by the most highly qualified engineers that 
money can buy, so that the just penalty for ignominous 
failure is never likely to be invoked, and creditable “‘all 
finished”’ results at least, can be definitely assur 


Chromium Plate 


V WONHERE are still certain features in 
which are the subject of much criticism. Perhaps 
the greatest number and possibly the most 

- justifiable complaints are made against chromium 
plated components. Nor do these criticisms concern only 

British cars; the trouble is encountered in vehicles produced 

all over the world. 

That the defects to be found in chromium plate do not 
all arise from one cause is demonstrated by the large 
variety of symptoms of failure that may be seen. The 
troubles include tarnishing which gives rise to a matt 
surface, rust spots, blisters, flaking and peeling, and 
corrosion of the base metal under the plate. It is obvious, 
therefore, that the cure for these troubles is hardly likely 
to be found by a superficial examination of the problem. 
Nor is there likely to be one remedy for all the defects. 

It is generally recognized that in quality pre-war plate 
was better than much of more recent production. ‘This has 
given rise to a mistaken belief that modern plating is 
thinner than that produced earlier. However, the trouble 
is of a more fundamental nature. The protection of the 
plated surface is derived mainly from the nickel, and the 
chromium is deposited on top merely to prevent tarnishing. 
It is obvious, therefore, that the root of the trouble lies 
in the nickel. There is one important change that has 
taken place of recent years in plating technique. It is the 
development of the process known as bright nickel plating. 


modern cars 


Research approach 


It is not suggested that manufacturers should revert to 
the old methods. Instead, there are two lines of approach 
along which progress may be made. The first is to make a 
careful study of the plating obtained by the different 
processes to determine the reasons for any inadequacy of 
protection, and the second is to develop satisfactory 
methods of inspection of plated articles. 

Plating is still an art rather than a science, and there is 
a great need for more exact knowledge of the characteristics 
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of plate, and of the way in which these characteristics are 
developed during the plating process. When this informa- 
tion is available to all concerned, better methods of control 
will no doubt be generally adopted. Research on plating 
problems calls for a well qualified and experienced staff 
with a highly specialized knowledge. Moreover, it is more 
likely to be speedily and successfully completed if suitable 
equipment is to hand. 


Investigation costs 

The staff of the British Non-Ferrous Metals Research 
Association have made a start on the work. They have 
excellent equipment, and are experienced in this type of 
investigation, but they are hampered for lack of support. 
This year, about £7,500 has been allocated to cover every 
aspect of plating research including production and 
inspection techniques and corrosion problems. This is 
not nearly enough if the required results are to be obtained 
within a reasonable time, and this is a problem for which a 
quick solution is highly desirable. 

Hitherto motor and cycle manufacturers have taken the 
attitude that since most plated components are bought 
out, it is the platers who should support the necessary 
research. ‘This attitude is hardly justified for two reasons. 
Firstly, the motor manufacturers themselves need to apply 
reliable inspection methods. The tests currently in general 
use will detect some defects in plate but there are certain 
inferior types of plating that will pass these tests. Secondly, 
the motor vehicle, cycle and accessory trades probably 
take two thirds of the total amount of nickel used for 
plating in this country. World markets are very com- 
petitive, and poor plating can be the cause of serious 
loss of goodwill. It is felt, therefore, that these trades 
should accept at least some of the responsibility for effecting 
the necessary improvements. 

The research departments in the plating firms are hard 
pressed to keep abreast of current developments generally 
and must find it difficult to undertake fundamental research. 
In any case, fundamental research can be better carried 
out co-operatively than individually. Moreover, most 
plating organizations are small by comparison with the 
motor manufacturing concerns and the amount they can 
contribute to their co-operative research association 1s 
correspondingly small. Even very limited support from 
the motor industry would make an appreciable difference 
to the speed with which results may be obtained in this 
important matter. 
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PISTON DESIGN 


Modern Requirements and Design Practices 


N recent years, engine manufac- 

turers have tended more and more 

to leave the design of the pistons 
to the component suppliers. From the 
point of view of obtaining the greatest 
possible efficiency and the most satis- 
factory results, this tendency is a good 
one, but it has led the engine designers, 
in some cases, to lose touch with the 
subject. A background of knowledge 
concerning all the components used in 
modern power units is essential if the 


designer is to perform the function of 


co-ordinating the work of all the appro- 
priate specialists who supply the com- 
ponents. No one can be more con- 
versant with the conditions under which 
the engine must work than the design 
and development staff of the engine 
manufacturer, and only thcse with an 
intimate knowledge of these conditions 
are in a position to take into considera- 
tion all the factors relevant to the 
component design. 

Even readers with a limited know- 
ledge of piston design will be able to 
see that each section of this article could 
be the subject of a separate paper. It 
is obvious, therefore, that only a general 
outline of the features affecting design 
is possible here. Nevertheless, such an 
outline may contain much of the back- 
ground information needed by the 
engine designer. 

In small and medium petrol engines 
such as are used in private cars, pistons 
have changed little over the last 10 or 
12 years. Perhaps the most important 
improvements that have been made 
relate to reducing noise. This has 
been done by improving design tech- 
niques so that it is now possible to 
incorporate smaller clearances between 
the piston and the cylinder walls. These 
improvements have been effected as 
a result of careful study of piston 
temperatures which has made possible 
the more accurate estimation of expan- 
sion effects. Another advantage that 
has accrued from this work is that 
bearing areas on the skirt and lands 
have been increased with a 
consequent reduction in bear- 
ing pressures and animprove- 
ment in wear resistance. 

Another recent trend is the 
tendency to delete skirt oil 
control rings. These appar- 
ently have been found 
unessential and the econo- 
mical advantages to be gained 
from their omission have not 
been overlooked. Moreover, 
the elimination of the bottom 
ring reduces the piston drag 
and also ensures that there 
will be no restriction of the 
supply of oil to the skirt. 
This is particularly beneficial 
under cold starting conditions 
when petrol dilution of the oil 


Fig. 1. 


A diagram showing how the inertia and 
combine to reduce the peaks of the load cycle of a modern high 


speed diesel engine, — — — — — 


onthe cylinder wall may take place. There 
has also been a tendency to increase 
the radial thickness of piston rings to 
give greater pressures between the ring 
and the wall. A radial depth of D 26, 
where D is the bore, is common in this 
country, and even greater thicknesses 
are employed in the United States. 
There have been marked changes in 
diesel engine pistons during the last 
decade. They have in part been 
occasioned by the steady increase in 
power output from diesel engines. 
Maximum firing pressures are now as 
high as 1,100 to 1,200 lb in*, and the 
increases in pressure have been accom- 
panied by proportionate rises in tem- 
perature. As a result, a careful study 
has had to be made of both the 
mechanical strength requirements and 
the temperature flow conditions. 
Emphasis is now placed on sturdiness 
of construction rather than light weight. 


Materials and surface finish 

In general, three types of material 
are used ; cast iron, Y-alloy and a low 
expansion aluminium alloy containing 
10 to 12 per cent silicon. Cast iron 
pistons are still used in some two-stroke 
diesel engines because, under normal 
running conditions, the inertia force, 
which is the product of their mass 
and acceleration, can be made to 
counter-balance the gas load and thus 
reduce the total force on the piston 
during the compression and power 
strokes. Although the forces during 
the induction and exhaust strokes are 
greater because of the heavier pistons, 
the peaks due to gas pressure are 
reduced. Serious troubles may occur, 
however, if the engines are allowed to 
over-speed. <A typical diagram of gas, 
inertia and nett forces on the piston 1s 
given in Fig. 1. 

Most manufacturers are now using 
low expansion alloys of aluminium with 
silicon in preference to Y-alloy. Because 
of the lower strength of the low expan- 
sion alloy at elevated temperatures, the 


f ¢ 


gas loads, 
loads, ————_— — total load 


the gas forces 


must be thicker and pistons 
this material are somewhat 
However, except in very high 
speed racing engines, this is_ not 
important because of the tendency, 
already noted, of the inertia forces to 
counter-balance the gas forces. More- 
over, the weight increase is not so 
great as might be expected, because 
the specific gravity of low expansion 
alloy is somewhat less than that of 
Y-alloy. There are two reasons for 
the adoption of low expansion alloys. 
One is that they are better materials for 
die casting and the production process 
is less expensive. The other reason is 
that cold clearances can be smaller 
because of the low rate of expansion. 
This applies not only to the fit of the 
piston in the cylinder bore, but also 
to that of the rings in their grooves 
and the gudgeon pin in its boss. 

Production methods have also been 
improved with the introduction of low 
expansion alloys. In many cases a 
single piece core is employed; it is 
inserted into and retracted from the 
mould by an hydraulic ram. Freezing 
of the molten metal is carried out more 
effectively by applying water cooling at 
the thicker sections such as adjacent 
to the gudgeon pin bosses. The ad- 
vantages of die casting are well known. 
They include reduced cost where large 
quantities are concerned, accurate con- 
trol over the weight of the casting, and 
a cleaner finish, which is particularly 
desirable on surfaces which are not 
machined 

Surface finish cannot be gauged by 
eye, since appearances are deceptive 
and an apparently highly polished piston 
may have a greater surface roughness 
than a dull one. Opinions vary as to 
what is the best manufacturing treat- 
ment. In some quarters, a fine turned 
finish, having an average surface 
roughness of 18 to 28 micro-inches is 
preferred, although it is less pleasing 
to the eye than a ground and polished 
surface. The best results are obtained 
with a diamond tipped tool, 
at high speed, since this cuts 
through the silicon particles 
in the alloy. Softer tools may 
root them out and burnish 
them over the cavities. The 
seating of the rings on the 
sides of their grooves is most 
important. ‘This should be 
comparable with that of a 
clack valve. If there is any 
clatter, blow-by occurs and 
both oil and fuel consumption 
may be affected adversely 
On the gudgeon pin the 
surface finish should be in 
the order of 3 micro-inches 
while in the bores of the boss 
in the piston, the roughness 
should be about & to 10 


sections 
made of 
heavier. 


- inertia 





micro-inches. 

Tin plating is sometimes applied to 
the piston to assist running in. The 
immersion process is usually adopted 
for this purpose. Another process that 
is sometimes applied to the surface of 
pistons is the anodic treatment. ‘The 
hydroxide coating deposited by this 
treatment has a hardness value of 700 
to 800 Brinell. This hardness cannot 
be measured by ordinary methods 
since the depth of the coating 1s too 
small, instead it is ascertained by a 
scratch test. The surface film has a 
matt finish which retains the lubricating 
oil, It is particularly beneficial so far 
as petrol engines are concerned, since 
it alleviates troubles caused by petrol 
wash during cold starting. Another 
advantage of this treatment is that it 
reduces ring groove wear as long as the 
hard film remains. When it has worn 
off, wear proceeds at the normal rate. 
Anodic treatment is not generally 
regarded as suitable for diesel engine 
pistons because the matt surface may 
key carbon on to the top land. 


Wear and seizure 

Littke wear occurs on the piston 
skirts. It is rather surprising, con- 
sidering the soft nature of aluminium 
pistons, that most of the wear takes 
place in the cylinder bores and on the 
rings. However, the explanation for 
this is that the pressures between the 
piston rings and the bore are much 
greater than between the piston and 
the bore. ‘There is a positive relation- 
ship between rate of wear and gas 
pressures and distance of travel. Con- 
sequently, wear tends to be greater in 
pistons in which there is a_ large 
clearance between the rings and the 
sides of the grooves, since this allows 
the gas to pass behind the ring and add 
to the radial pressure. It is impossible 
to prevent completely the rise of 
pressure behind the rings, but small 
side clearances help by tending to 


Fig. 2. 


An example of good marking on both 
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restrict Nuctuations 
and t maintain 
there approximately 
the average pressure 
of the four strokes. 
There are, of course, 
many more factors 
that increase rate of 
wear, | they are 
not concerned with 
piston design 
Fairly recently 
the Dykes ring has 
been developed, 
which is arranged so 
that gas pressure 
can get behind the 
ring, but the radial 
thickne has been 
reduced Oo that 
the spring pressure 
exerted by the ring is much less. In 
this way, the pressure between the 
ring and the cylinder wall is roughly 
proportional to the gas pressure in the 
cylinder, so that the effectiveness of 
the gas seal afforded by the rings is 
greatest when the need is most. This 
is done by employing an L-section ring 
in a stepped groove, the lower portion 
of the ring, that is the foot of the 
L-section, is a close fit in the deepest 
portion of the groove, while the 
clearance at the top of the ring is 
greater and gas under pressure may 
pass into the groove behind it. The 
outer face of the vertical arm of the 
L-section bears against the cylinder 
wall Ihe foot, because of its greater 
radial thickness, is stiffer than the 
upper portion; thus, when the _ gas 
pressure is low, the pressure of the 
lower edge against the wall is greater 
than the pressure of the upper edge, 
so that there is a slight scraper action. 
During the initial part of the motion 
of the piston on the firing stroke, 
inertia forces tend to throw the ring 
to the top of the groove. Thus, when 
a conventional rectangular section ring 


Fig. 3. 


t faces of a diesel engine piston 


JUNE 1953 


ty 


ais 
S77 


SO t + 
|!70}175 1607200) 2 


200 0] 2 
c 


3 
) § 


noone 


wu 


g 
a} 
&, 


’) 


° 


o 








Temperature distribution on a 43 in diameter piston for 
the Sentinel diesel engine. 


All figures are in deg C 


is fitted with large side clearances, the 
gas pressure escapes from behind the 
ring so that the radial pressure is 
reduced over that portion of the stroke 
during which it is most necessary that 
it should be maintained. It is claimed 
that with the Dykes ring, because of 
the smail clearances round the foot of 
the L-section, the gas pressure between 
the ring and the base of the upper part 
of the groove cannot escape, so the 
radial pressure is relatively constant. 
So far, this ring has been used mainly 
in high speed engines, and it is doubtful 
if it is necessary in lower speed units. 

Seizure is a rare occurrence nowa- 
days. However, when it does occur, 
the piston is more often a victim of 
circumstances rather than the cause of 
the trouble. A frequent cause of 
seizure is the occurrence of excessively 
high operating temperatures for which 
the piston has not been designed. 

The improvements in design that 
have led to freedom from seizure have 
been obtained mainly as a result of 
careful investigation into temperatures 
and heat flow phenomena. If the 
piston profile, is carefully designed 
and due allowance made for thermal 
expansion, a large area of the piston 
skirt and even the lands bear against 
the cylinder wall. Because of this, 
bearing pressures are low and the oil 
film is rarely broken. Fig. 2 is an 
example of a piston that has been well 
designed in this respect. It can be 
seen that the marking spreads out over 
a large area of the skirt, and above the 
gudgeon pin it has also been bearing 
over an appreciable area. Even the 
top land has been taking its share of 
the load; this is desirable not only 
from the point of view of reducing 
bearing pressures but also to prevent 
the build up of a hard carbon film 
which might tend to break away and 
cause scoring. 


Temperatures 

Temperature and heat flow control 
are most important considerations in 
piston design. The methods of gauging 
temperatures are worthy of note. In 
one method, small fuseable plugs which 
melt at predetermined temperatures 
may be inserted in the piston, but they 
are only suitable for measuring surface 
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Left: a temperature survey on a 90 mm diameter piston for the Coventry Victor 


W.D. 554, and right : the 6 in diameter piston for the National Gas and Oil Engine Company's 


M4A engine. 


temperatures. 
melting points of the various eutectics 
is limited, and there are gaps in it. 

A more satisfactory procedure is 
known as the recovery hardness method. 
For development or experimental work, 
the engine is run for 50 hours at a 
constant rating ; it is then dismantled 
and the pistons are split on a vertical 
plane through the centre of the gudgeon 
pin bosses. The section is next marked 
out in small squares and in the centre 
of each a Brinell hardness test is taken. 
The hardness is compared with known 
standards, and gives a reliable indica- 
tion of the local temperature maintained 
during the running period. A large 
diameter ball is used for the hardness 
tests, since a small one or a diamond 
point might contact a particle or group 
of particles of silicon, and thus give 
a false hardness reading. The 50-hour 
running period is regarded as_ the 
minimum soaking time necessary to 
ensure that all changes in the grain 
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Moreover, the range of 


Two examples of 105 mm diameter pistons. 


All figures are in deg C 


structure have ample time to occur. 
Another method is to split the 
piston, as before, and etch the surface 
so that the grain structure may be 
compared with known standards. With 
both methods it is usual to split the 
piston on another vertical plane at 
right angles to the first one and carry 
out another temperature survey. In 
the event of seizure, or any other 
trouble, it is possible, by using the 
recovery hardness method or by etching, 
to determine the conditions under 
which the piston was running prior to 
failure. Any local over-heating that 
has occurred as a result of seizure will 
not affect the results of the temperature 
checks since they could only have 
occurred over a relatively short period 
and changes in the grain structure will 
not have had time to take effect. 
Temperature sensitive paints may 
also be used. These can be quickly 
and easily applied, but they have 
several disadvantages. ‘They give only 





surface temperatures and the results 
are not particularly accurate. In ad- 
dition, when comparative tests are 
made, care must be taken to ensure 
that all tests are carried out for the 
same length of time. 

Perhaps one of the best laboratory 
methods of measuring temperatures 
is to embed contact thermocouples in 
the piston, so that at the bottom of 
each stroke they make contact with 
spring loaded pads. The principal 
advantage of this method is that tem- 
perature readings may be taken while 
the engine is running. However, the 
installation of the thermocouples is not 
always easy. Moreover, inaccuracies 
may arise because of the effects of 
inertia loading and of oil on_ the 
elements. 

Temperatures vary appreciably with 
different engine designs, and they are 
governed by a number of factors. The 
type of liners employed and their fit 
in the cylinder block have a marked 
influence. The most effective cooling 
is obtained with wet liners, and bores 
machined in the cylinder block are 
usually slightly better than press-fit 
dry liners. In good engine designs, 
the top of the water jacket is level with 
or higher than the upper piston ring 
when it is at the top dead centre 
posivion, 

The temperature distribution over 
the piston crown is affected by, among 
other things, the valve arrangement. 
Immediately below the exhaust valve 
the temperature is often about 10 to 
15 deg C higher than over the rest 
of the crown. When pre-combustion or 
swirl chambers are employed, the 


ee 


To facilitate heat flow to the skirt, radial webs under the crown have now been 


superseded by transverse ones, vertical ribs are incorporated on the skirt, and sections around the combustion bowl and ring belt have 


been thickened 





from these chambers can 
also have a marked effect on tempera- 
ture distribution. Asymmetry of crown 
profile will also give an uneven tem- 
perature effect. For instance, when 
the combustion bowl is offset from the 
centre of the crown, the temperatures 
between the edge of the bowl and the 
side of the piston, towards which it 1s 
offset, are higher than those on the 
other side. ‘The ideal to be aimed at 
is an even temperature distribution 
over the whole crown in order to avoid 
distortion, which can be serious if it 
extends to the ring belt. Tempera- 
tures should certainly be kept below 
100 deg C since the physical strength 
of aluminium alloys decreases appre- 
ciably above this point. Many authori- 
ties consider that the maximum crown 
temperatures should not exceed 375 
deg C for overload rating and 350 
deg C for continuous rating. Typical 
diagrams showing temperature distri- 
bution over pistons are given in Figs. 
3 and 4 

Engine rating obviously has a marked 
effect. on piston temperatures, but it 
is surprising how often this is over- 
looked when manufacturers increase 
the rating. Some diesel engined vehicle 
operators depart from the recom- 
mended fuel pump settings in an 
attempt to improve fuel consumption. 
In some quarters, there is a belief that 
if the delivery stroke of the injection 
pump is reduced the resultant loss of 


discharge 


power can be offset by advancing the 


timing, and fuel economy results. 
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o far as we know, no reliable 
e been published in support 
ory. Altering the timing in 
been known to raise piston 
temperature, and to increase 
gudgeon pin and bushes 
the excessive temperatures 
region and because of the high 
pressures. At full load, the 
from the combustion gases 
wn of the piston is the equiva- 
ibout 9 per cent of the b.h.p. 
engine, and approximately 
nt in a diesel unit. The higher 
obtained because of the 
density and turbulence. 

In all pistons, the temperatures 
occurring at the ring belt are most 
important and, in general, they should 
| about 212 deg C if straight 
ibricating oils are to be used, 

irbon and lacquer formation 
excessive, and ring sticking 
When detergents are 
allowable temperatures 

least 25 deg C _ higher. 
higher temperatures are 
with well designed pistons in 
jeformation due to thermal 
expansion is reduced to a minimum. 
If taper sided rings are employed, 
higher temperatures are not so detri- 
mental since such rings tend to free 
themsel ve from sticking. The dis- 
advantages of this type of ring are that 
blow-by is greater and re-grooving in 
the field beyond the capabilities of 
many operators and service depots. 
Several design features have a marked 
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effect on ring belt temperatures. It is 
important, of course, that the thickness 
of metal between the base of the ring 
grooves and the inner wall of the 
piston is adequate to conduct the heat 
from the crown to the skirt. In earlier 
designs this point was often over- 
looked, and undue restriction of flow 
was caused by the thin section between 
the lower ring groove and the inner 
wall of the piston. Another feature 
that can be introduced to control ring 
groove temperatures is a heat break 
groove around the top land immediately 
above the compression rings. The 
object of such a groove is, as its name 
implies, to prevent the direct flow of 
heat from the crown to the grooves 
and to deflect it inwards so that it will 
by-pass them. 

In earlier designs, the coring was 
extended up past the ring belt so that 
the section round the combustion bowl 
was more or less of constant thickness. 
However, it was found that this 
restricted the heat flow from the centre 
of the crown to the skirt and directed 
it too close to the ring belt. In modern 
designs, therefore, the crown is more 
solidly made. This is illustrated in 
Fig. 5 which also shows how thicker 
sections are maintained below the 
lower ring groove and how vertical 
ribbing is employed to transmit the 
heat down the length of the skirt. 
Thickening of the crown sections has 
been known to lower crown tempera- 
tures by as much as 30 deg C while 
raising skirt temperatures by about 
15-20 deg C. An incidental advantage 
of the vertical ribs is that they help to 
stiffen the skirt, but this is not the 
primary reason for their incorporation. 

There are two reasons for directing 
so much effort towards arranging for 
the heat to flow down into the skirt. 
The most important is that by far the 
greater proportion of the heat absorbed 
by the piston is conducted away 
through the skirt to the cylinder wall. 
This is because the area of contact 
between the skirt and the cylinder is 
much greater than between the lands 
and the wall. In many quarters it is 
considered that there is little heat 
transfer through the piston rings. The 
reason for this is that oil and lacquer 
films form a fairly effective insulation, 
and it is thought that the rings are 
more or less floating at all times and 
have no very effective metal to metal 
contact with any of their surrounding 
components. Moreover, the thermal 
conductivity of aluminium is about 
three times that of iron. 

It should be mentioned here that 
some investigators hold that most of 
the heat transfer to the cylinder walls 
takes place through the rings. This 
opinion is based mainly on measure- 
ments of temperature gradients between 
the crown and skirt of different pistons. 
Some of these measurements have 
indicated that the steepest gradient, or 
the greatest fall in temperature, takes 
place over the ring belt, and that there 
is Only a small temperature difference 
between the piston skirt and cylinder 
wall. A further argument advanced 
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to support this theory is that the 
pressures between the rings and the 
cylinder walls and ring grooves are 
much greater than those between the 
pistons and walls. It is also claimed 
that active oil films are very effective 
convectors of heat. 

However, we do not know with 
what pistons these results were obtained, 
and they may have been due to the 
existence of a thin section below the 
top scraper ring, giving rise to a heat 
brake effect. This would prevent the 
flow of heat into the skirt. Even under 
these conditions, it seems that the 
greater proportion of the heat transfer 
may have taken place between the 
lands and the walls rather than through 
the rings. 

Heat losses in other ways from the 
piston are not very great. Radiation 
is small because of the fairly high tem- 
peratures of the gas inside the crank- 
case. Convection is not as effective 
as might be imagined, since the gas 
pocketed in the piston tends to move 
up and down with it, so there is very 
little flow which might cause cooling. 

In some large bore diesel engines 
where the centre of the crown is 
remote from the skirt, it has been 
necessary to introduce oil cooling. 
Two designs of oil cooled pistons are 
shown in Figs. 6 and 7. The simplest 
is the Ricardo Cocktail Shaker. In 
this design, a cavity is incorporated 
beneath the crown, and extends round 
the inner wall of the piston between 
the gudgeon pin bosses. Oil is directed 
up into the cavity by a nozzle integral 
with the top end of the connecting rod. 
The jet strikes the underside of the 
crown of the piston and is deflected 
outwards into the cavity and, as the 
piston moves up and down, the oil is 
thrown about violently between the 
base of the cavity and the underside 
of the piston crown. It then flows 
away through the opening immediately 
above the gudgeon pin and small end 
assembly to the crankcase. The heat 
taken from the piston is either disposed 
of by a heat exchanger in large engines, 
or in small ones by crankcase radiation. 

The second oil cooled piston illus- 
trated is more complex. In this design, 
a chamber is cored immediately below 
the crown. In the base of this chamber 
is a circular hole, spigoted into which 
is a plunger guide. The guide is 
flanged to take the set bolts securing 
it to the base of the chamber. It 
carries a hollow cylindrical plunger, 
the base of which is shaped to seat 
saddle fashion on the round upper end 
of the connecting rod. Contact between 
the two components is ensured at al] 
times by a compression coil spring 
between the saddle and the plunger 
guide. The centre of the lower face 
of the plunger is milled out so as to 
form a chamber of such a width that 
an angle subtended between its edges 
and the centre of the gudgeon pin is 
greater than the angular motion of the 
connecting rod. This means that an 
oil hole drilled vertically in the top of 
the rod is at all times in communication 
with this chamber. 
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Cooling oil is passed from the big 
end, through a vertical drilling to an 
annular groove around the small end 
bush and its housing. Thence it is 
passed into the chamber in the saddle 
and up the hollow barrel of the plunger. 
It then impinges on the centre of the 
piston crown and is deflected outwards 
between a flange on the top end of the 
plunger housing and a circular rib 
round the centre of the crown. Its 
velocity through this restriction 1s 
increased sufficiently for it to circulate 
round the rest of the chamber beneath 
the crown, whence it returns, through 
holes drilled through the spigot portion 
of the plunger guide, and drains away 
to the crankcase. In most oil cooling 
arrangements, a non return valve must 
be incorporated in the connecting rod 
big end, or the crankpin must be 
designed as a rotary valve to prevent 
reverse flow of oil due to inertia effects. 

These may appear to be _ rather 
complicated arrangements for effecting 
oil cooling. However, it has been 
found that the simpler 
directing a jet of oil up on to the piston 
crown is not so effective. This is 
because the oil is not in contact with 
the piston long enough to. effect 
adequate heat transfer. It can be 
made more effective by using a larger 
jet, but this introduces problems both 
in regard to oil supply and oil control. 


Profiles 

Piston profiles are 
mined by temperatures. 
ring belt, for instance, where the 
temperature is highest when _ the 
engine is at its normal running tem- 
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An 84 in diameter, Specialloid pressure fed oil cooled piston 


perature, the overall diameter must 
be smallest. If the piston is well 
designed, the expansion will take up 
the clearance until the optimum running 
fit is obtained in the bore. Piston 
profiles are important for two reasons. 
Firstly, the bearing area between the 
piston and cylinder must be as large 
as possible. ‘The smaller the area, the 
higher is the bearing pressure and 
therefore the greater the tendency to 
scuffing. The second reason is that 
unless the piston section is reasonably 
circular at its operating temperature, 
oil control is difficult. 

Over the past two or three years, 
considerable progress has been made 
with regard to design procedures for 
determining accurately the overall dimen- 
sions of pistons. It is only during this 
period that principles have been estab- 
lished which enable manufacturers to 
produce direct from the drawing board 
prototype pistons which, when fitted 
to the engines and run, exhibit the 
correct bearing characteristics. Thus, 
lite or no development work is 
required. It is the establishment of 
these principles which has led to 
pistons being designed in such a 
manner that the land above the ring 
belt bears on the cylinder wall. Hitherto, 
it was the practice to design in such a 
way that there was a large clearance 
between this part of the piston and 
the cylinder walls. In modern diesel 
engine pistons of low expansion alloy 
the maximum cold clearance is no more 
than 0-004 in per in diameter at the 
top land. 

The earliest attempts to allow for 
differential rates of expansion between 





Alternative ring 


arrangements are shown in each elevation. 





the crown and skirt led to the adoption 
of a single taper profile. In this type 
of piston, the largest diameter was, of 
course, at the base of the skirt and the 
smallest at the crown. The next stage 
in the design progress was to incor- 
porate two tapers, one from the skirt 
to the ring belt and the second from 
the ring belt to the crown. Yet a 
further refinement was introduced when 
three tapers were adopted, one over 
the length of the skirt and the other 
two over the lands. 

All these designs were incorporated 
in conjunction with an oval plan-form. 
In the later designs the ovality was 
varied, again to allow for differential 
rates of expansion over the length of 
the piston. The need for  ovality 
arises, of course, because of the rela- 
tively large mass of metal around the 
gudgeon pin bosses. This thick section 
naturally expands more than the thin 
ones in the other parts of the skirt. 
Fig. 8 shows a typical diesel engine 
piston profile diagram. 


Piston types and constructions 

There are three main types of piston. 
The first is the split skirt, Fig. 9, the 
second is the T-slotted skirt, Fig. 10, 
and the third the solid skirt piston, 
shown in Fig. 11. Diesel engine 
pistons, because of their high loading, 
are almost invariably of the solid skirt 
type. The other two forms of piston 
are used in some petrol engines because 
less accurate machining of the cylinder 
bores is called for, and the natural 
resilience of this type of piston enables 
it to take up most of the clearance 
between the skirt and the cylinder wall, 
and results in silent running both at 
normal operating temperatures and 
when cold. A disadvantage of these 
types of piston is that the drag is 
greater. The full split skirt is favoured 
by servicing departments because it 
will adapt itself to worn cylinder bores 
and alignment is not critical. 

Most slotted or split skirt pistons 
incorporate a thermal slot beneath the 
ring belt. Thermal slots are horizontal 
and are joined usually at the centre by 
the vertical slot, or split in the skirt. 
These slots are intended not so much 


Fig. 9. The principal differences between the early 
the methods of supporting the gudgeon pin bosses, 
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A diagram showing typical diesel 
engine pi profile dimensions. All 
figures are in mm, the piston diameter is 
approximately 125mm, and clearances are 
measured in a vertical plane perpendicular 
to the axis of the gudgeon pin 


Fig. 8 


ston 


to prevent heat from flowing down to 
the skirt as to control the flow and 
obtain an even temperature distribution. 
Their length and position is decided 
by temperature checks during the 
development stage. In some cases, a 
thermal slot only is incorporated. 

Not only is it necessary to determine 
with care the profile of the piston to 
obtain good bearing on the cylinder 
walls, but also the structural design 
must be such that gas, inertia and 
bearing loads are adequately catered 
for. Piston crown support webs have 
been changed of recent years. Earlier 
models has radially disposed webs, 
but more recently it has been found 
better to incorporate webs positioned 
transversely relative to the axis of the 
gudgeon pin. There are two reasons 
for this. One is that webs arranged 
in this way help to transfer heat down 


and the sections at the ring belt. 


JUNE 1983 


to the skirt; they are not needed of 
course where there is a metal path 
from the crown through the gudgeon 
pin boss support struts to the skirt. 
The other reason is that the ring belt 
adjacent to the thrust faces of the 
piston would not otherwise be adequately 
supported, as is the case above each 
piston boss where it is strengthened by 
the struts. Without these supports 
the tendency is for the ring belt to 
deform telescopically. This tends to 
close the ring clearance partly and 
contributes to ring sticking. 


Piston bosses and their support 

Support for the bosses is an import- 
ant requirement. Some manufacturers 
maintain that the bosses should not 
overhang the inner faces of the support 
struts which are incorporated between 
them and the crown, while others 
incorporate this overhang and drill oil 
holes vertically through the overhung 
portion of the boss so that lubricant 
may fall into them from above. Under 
working conditions there undoubtedly 
must be some deflection of the gudgeon 
pin which, because of its alternating 
characteristics, will apply to the over- 
hung bosses bending loads of a nature 
liable to cause fatigue failure, particu- 
larly at the junction between the boss 
and the lower end of the inner face of 
the strut. These bending loads will, 
of course, be superimposed on the 
compressive and tensile ones that must 
in any case be carried by the strut as 
the piston moves up and down. It is 
regarded as a sound general engineering 
principle to avoid wherever possible 
offsets liable to cause such conditions. 

In some of the earlier designs without 
overhang, the strut was of I-section, 
one flange being above the inner face 
of the boss and the other being formed 
by the ring belt. More recently, a 
solid rectangular section has _ been 
used. It is claimed that this section 
leads to better heat flow conditions, 
but it is also most convenient when 
hydraulically operated cores are used 
in production. Care must be taken 
to ensure that the temperature adjacent 
to the gudgeon pin bearing surface 
does not exceed about 260 deg C, other- 


split skirt piston for a petrol engine (right) and the later one (left) are 


Both pistons are 63 mm diameter 
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Fig. 10. Specialloid slotted pistons for the 79:37 mm bore Willys Overland (left) and the 73-5 mm. bore Morris Commercial petrol 


wise collapse may take place under 
fatigue loading. 

Struts of V- or W-shape have also 
been used above piston bosses. How- 
ever, some designers do not consider 
that these are very satisfactory because 
under the elevated temperature con- 
ditions at the crown, they tend to 
spread under load and cause deforma- 
tion of the ring belt. This spread is 
often a plastic rather than an elastic 
phenomenon and the deformation is 
permanent. 

Another practice that has been 
adopted is that of slightly tapering the 
inner ends of the bores of the bosses 
to allow for the bending deflection of 
the gudgeon pin. Although the taper 
relieves the load on this otherwise 
heavily stressed portion of the boss, 
it would appear to have the disad- 
vantage of reducing the fully effective 
bearing areas. Where solid vertical 
struts are employed, lubrication is often 
effected by splash passing up through 
two vertical holes drilled from under- 
neath the boss in such a manner that 
they break into the bore tangentially. 
With this arrangement, the oil passes 
into the bore at points where it is 
lightly loaded. In higher rated diesel 
engines, lubrication is sometimes 
effected through holes drilled down- 
wards to the boss from the relief below 


Fig. 11 


radial ribs under the crown, and I-section boss support struts. 


, pin. 
| the connecting rod small ends should 


engine (right) 


the top oil control ring. Various 
combinations of one or two holes from 
above, with or without one or two 
holes from below may be used to suit 
the design of the piston. 

An approximation to the bore size 
required in the gudgeon pin boss may 
be obtained by basing the design on 
a maximum vertical loading of 
5,680 lb/in® on the projected area of 
the bearing. In calculating the size 
of gudgeon pin required it is satis- 
factory to design for a bending deflection 
of 0-001 in at the centre, and for 0-001 in 
flattening of the hollow pins. The 
dimensions required to give these 
deflections may be calculated from the 
conventional bending theory, applying 
the estimated gas and inertia loads. 
Fully floating gudgeon pins should be 
a push fit in the boss at room tem- 
peratures, and at 75 degC should be 
free. This ensures that under starting 
conditions, when lubrication is hardly 
adequate, all movement takes place 
between the small end bush and the 
Gudgeon pins that are clamped in 
be free to rotate in their bosses at 
room temperature. 

In two-stroke engines the gudgeon 
pin loads are very critical, because gas 
loads are more continuous and tem- 
peratures are higher. It is advisable 


Left: this early type, 63 mm diameter, solid skirt piston for a petrol engine has 
Right: the 78 mm diameter 


solid skirt piston for the Lagonda engine has a recess machined in each boss support strut 
for lightness, and the inner edges of the boss and strut are lipped for strength 


to bush the piston bosses in two-stroke 
engine pistons, and great care is neces- 
sary in providing for lubrication. In 
some designs the bushes are cast in, 
and in others they are pressed in. 
Illustrated in Fig 12 is a small two- 
stroke petrol engine piston. The 
bushes are turned from bronze hexa- 
gonal bar, and hexagonal flanges are 
left at their outer ends. They are 
cast in the boss and the flanges ensure 
that there is no possibility of their 
rotating under load. 

The advantage of casting in the 
bushes is that at elevated temperatures 
they are less likely to come loose as a 
result of the differential rate of expan- 
sion between phosphor bronze and 
aluminium. However, it is necessary 
to use bronze alloy, the properties of 
which are not adversely affected by 
the high temperatures experienced 
during the casting process. The 
phosphor bronze alloy normally used 
for bearing bushes would anneal at 
these temperatures. In_ two-stroke 
diesel engines, it is often necessary to 
pressure lubricate these bushes. One 
way of doing this is to incorporate 
blanking plates in each end of the 
gudgeon pin, and to feed oil from the 
big end to the small end and thence 
into the hollow pins and then through 
radial drillings to the bushes. 
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Cast-in bushes are employed in this 

56mm diameter piston for a two-stroke 

engine. Hexagonal flanges on the bushes 
give axial and rotational location 


Fig. 12 





Fig. 13 


The ring pack 

So many theories and opinions have 
been expressed concerning piston rings 
and so many varieties are available 
that a whole volume could be written 
on the subject. It is, therefore, impos- 
sible to give in such a small space as 
is available here more than a few 
remarks of general interest. Almost 
every engine has different requirements 
with regard to ring pack arrangement, 
particularly so far as oil control is 
concerned. Moreover, the trend towards 
the use of low viscosity oils has further 
complicated the problem. 

With low viscosity lubricants, the 
fundamental requirement is to maintain 
proper oil contro! without using high 
radial pressure rings which, because of 
the greater friction, would offset the 
advantages sought by using low vis- 
cosity oils. One arrangement that is 
recommended for a 120 mm diameter 
piston is as follows. At the lower end 
of the skirt, a } in wide slotted scraper 
ring with a radiused upper edge is 


Fig. 14. Left 


an early piston design in Y-alloy, with an Aust 
aluminium 
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taper sided and uptilted compression rings 
fitted. Because of its tendency to 
ride over the oil film on the upward 
stroke it is possible to use a lower 
radial pressure with this type of ring, 
and its radial thickness is 0-177- 
0-169 in. The radial thickness of all 
the other rings is 0-190—0-182 in. 

The oil control ring above the 
gudgeon pin is stepped externally and 
also has a radiused top edge. Its 
face and step widths are jin. No 
drain holes are drilled in the groove, 
but twelve ,in diameter holes are 
drilled from a relief immediately below 
it. When three compression rings are 
employed, either the top one or the 
top two may be chromium plated, and 
they are both of plain rectangular cross 
section, with a face width of } in. 
The third compression ring is stepped 
at its upper inner edge, thus reducing 
the radial stiffness of the upper portion 
of the ring relative to the lower portion 
so that it will have a slight scraper 
action, and to assist the bedding of the 
periphery during running-in. Where 
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y with a carrier for two rings 
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This 4:8 in diameter piston for the Leyland six cylinder oil engine has an open variable concave combustion bowl and 


two compression rings only are fitted, 
plain rings are recommended, but the 
top one may be chromium plated. 
Many special forms of ring and 
other devices have been developed to 
assist running-in and to prevent ring 
sticking. The advantage of using taper 
faced rings is well known. The initial 
running-in process occurs on the line 
contact round the greatest diameter 
of the taper, and as wear takes place, 
the area of contact between the face of 
the ring and the cylinder wall increases. 
An alternative to this arrangement is 
the use of an up-tilted ring groove. 
With 0-008-0:010 in up-tilt per inch 
radial width, a similar effect is obtained, 
and in addition, oil control is improved. 
In order to prevent ring sticking, taper 
sided rings and grooves are sometimes 
employed, the grooves and rings being 
wider at their outer peripheries than 
at their inner ones. Because of this 
taper, the slightest movement of the 
ring in its groove will free it if sticking 
should occur. An example of a piston 


nitic iron carrier for three rings, and right: a modern piston of low expansion 





JUNE 1953 


in which up-tilted, taper sided piston 
rings are used is given in Fig. 13. 

It has been found that when certain 
diesel fuels with a high sulphur content 
are used, SO, is produced during the 
combustion process. Water is also 
formed during the process, and the 
SO, combines with it to form H,SO, 
which, of course, is sulphuric acid. 
Under cold starting conditions there 
is a tendency for this and other cor- 
rosive vapours to condense on the 
walls of the cylinder. This condensa- 
tion takes place because the wall 
temperature is lower than the dew 
point of the vapours which, under 
conditions in the cylinder, may be 
fairly high. Temperatures at the inside 
of the top of the cylinder walls should 
rise to above 120degC as soon as 
possible after starting. The time re- 
quired for warming up is generally 
reduced by thermostatic control of the 
coolant flow. The condensed vapours 
have a highly corrosive action that is 
usually most marked in the top ring 
groove. Under hotter running con- 
ditions, another detrimental action 
takes place. This is the formation of 
a hard abrasive ash which again tends 
to collect in the top ring groove and 
cause wear. From the point of view 
of wear reduction the optimum tem- 
perature on the inside surface at the 
top of the cylinder walls is about 
140 deg C. 

The Specialloid Roebuck Armouring 
ring is a recent development to combat 
these two types of ring groove erosion. 
It was shown for the first time at the 
last Earls Court Motor Show. The 
manufacturers state that in one engine, 
after 250 hours running, the wear in 
the top groove without Armouring 


Fig. 16. A 4} in diameter piston with a stepped shrouded toroidal 
bow! 
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rings fitted was 
found to be _ be- 
tween 0-050 and 
0-055 in, but with 
the Armouring rings 
incorporated, — the 
wear after the same 
period of running 
was only 0-003 in. 
The Armouring ring 
is simply a_ thin 
spring steel ring. 
Two are used, one 
on each side of the 
top compression 
ring or, if necessary, 
on each side of the 
other rings as well. 
Unlike the com- 
pression rings, the 
Armouring rings are 
sprung inwards so 
that they grip the 
base of the ring 
groove. Therefore, 
once they. are 
pressed against the 
sides of the groove 
they remain there. 
Their outer edges 
are just below the 
edge of the lands. 

Another method that has been 
adopted to combat ring groove wear 
problems is the use of cast-in Austenitic 
iron ring carriers, Fig. 14. In earlier 
designs the inserts carried three com- 
pression rings, but because of the 
fairly large temperature gradient down 
the insert thermal distortion occurred 
and the inserts tended to work loose. 
Later designs incorporated inserts to 
carry either the top ring only, or the 
upper two. 


Fig. 15. 


Austenitic iron 
inserts are generally 
employed in con 
junction with a low 
expansion alumini- 
um alloy. They have 
also been used with 
the normal high 
expansion alloys, 
successfully in many 
cases but not in all. 
The Austenitic mat- 
erial is used, of 
course, because of 
its high coefficient 
of expansion, which 
is not very different 
from that of the 
silicon aluminium 
alloys. Whether or 
not the use of 
inserts is successful 
depends to a large 
extent on the kind 
of service to which 
the engine is put. 
On long distance 
runs, temperatures 
are more or less 
constant and satis- 
factory piston life 
is obtained, but on 
town bus _ routes 
and local delivery 
services the varia- 


A 54 in diameter piston with a shrouded toroidal bowl 


tions in temperature experienced give 
rise to alternate expansion and 
contraction, which sometimes results 
in fatigue failure at the junction be- 
tween the iron and the aluminium. 
However, a modern well designed 
piston with an _ inserted ring belt 
should be capable of performing any 
of these duties 
Requirements for various engine 
types 

Perhaps the most severely loaded 
pistons are those employed in diesel 
engines. Although they generally run 
at slower speeds than petrol units, the 
gas loads are heavier and the tem- 
peratures higher. This means that 
the pistons must be of sturdier con- 
struction, and because of their greater 
weight, inertia loads tend to be heavier 
than might be expected at such slow 
engine speeds 

In this country, most of the diesel 
engines used are of the direct injection 
type with a combustion bowl in the 
crown. Any of a number of different 
types of bowl may be employed, for 
example, the open sided, shrouded, 
and stepped shrouded toroidal bowls, 
Figs. 5, 15 and 16 respectively, the 
open variable concave bowl, Fig. 13, 
and the open hemispherical type, 
Fig. 17 

There are advantages and disad- 
vantages to each combustion bowl 
form. In general, the shrouded type 
gives a greater squish effect and leads 
to smoother running. The open toroidal 
and open hemispherical bowls are more 
prone to the onset of diesel knock, 
but the fuel consumption 1s often 
better. The reduced squish effect 1s 
generally offset by the use of a shrouded 
inlet which gives additional 
turbulence. Stepped shrouded bowls 
are incorporated to give even greater 


valve 





Fig. 17. The Gardner 4} in 

diameter piston with an 

open hemispherical bowl in 
the crown 


Fig. 20. A 130 mm dia- 

meter heavy duty piston 

for the Meadows six cylinder 
petrol engine 
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Fig. 18. The Sentinel 43 in 

diameter piston with the 

shrouded toroidal bowl 
offset 7°94 mm 


Fig. 21. Detonation has 
caused local overheating 
and collapse of the crown of 
this racing motorcycle piston 
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turbulence and smooth running. 
The open variable concave 
type combines some of the 
good features of the toroidal 
and the open hemispherical 
bowl, both with regard to its 
shape and the combustion 
characteristics obtained with it. 

In most cases, combustion 
bowls are positioned centrally, 
but sometimes they are offset 
as in Fig. 18, in order that the 
inlet port may be directed in 
such a manner that the gas flow 
enters the cylinder more nearly 
tangentially than is otherwise 
possible. This increases the 
swirl velocity. The disadvan- 
tage of offsetting the bowl is 
that the resulting temperature 
distribution over the crown is 
not so even. 

With some indirect injection 
engines there is a tendency to- 
wards the development of hot 
spots on piston crowns at the 
point to which the gas from the 
swirl chamber port is directed. The 
Perkins piston, Fig. 19, is rather a 
special case of this type of engine. 
The gases from the patent ‘‘ Aeroflow ”’ 
swirl chamber are directed towards a 
small deflector cavity in the crown. 
A two-spray nozzle is employed, one 
spray being directed into the swirl 
chamber and the other down the 
transfer port into the cylinder. With 
this arrangement, which is a combina- 
tion of the direct and indirect injection 


systems, the local temperatures on the 
piston crown are appreciably reduced. 


It can be seen from the illustration 
that heat transfer webs are incorporated 
immediately below the deflector cavity. 

Underfloor engines, which are in- 
creasing in popularity, present special 
problems with regard to oil control. 
One feature that has been introduced 
to assist in this respect is the deletion 
of the drainage holes from the oil 
control ring grooves on the lower side 
of the piston. This prevents oil from 
running from the inside of the piston 
down into the ring grooves. 

In petrol engines the loads and 
temperatures are generally lower than 
in diesel units. An example of a piston 
for a heavy duty petrol unit, of 130 mm 
bore, is given in Fig. 20. This, because 
of its large size, closely resembles a 
diesel engine piston, but the skirt and 
crown thicknesses are not so great. 
Lighter petrol engine pistons, such 
as are used in cars usually have a split 
or slotted skirt. The modern ten- 
dency to square or oversquare cylinder 
dimensions has accentuated the oil 
control problem because it has brought 
the cylinder bores nearer to the crank- 
shaft where they are in a position to 
receive more oil thrown from. the 
crank pins. In some of these designs, 
deep section oil control rings are used 
with the result that their radial pressure 
is relatively high. 

The principal difference between 
pistons for air-cooled and water-cooled 
engines is that the cold clearances are 
over 50 per cent greater in the air- 
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Fig. 19. A deflector cavity is machined in the crown of the 
4in diameter piston for the Perkins range of 


Fig. 22. A solid skirt type piston for an 


air-cooled racing engine 


cooled units because they usually run 
at higher temperatures. Units of this 
type are usually fitted to motor cycles 
and are highly rated so that solid skirts 
are generally employed. 

Racing engines for motor cars may 
be classified as follows: very high 
speed normally aspirated engines, in 
which piston weight must be kept as 
low as possible, and slower speed 
supercharged units in which rigidly 
constructed pistons must be used. In 
both cases strength and heat flow are 
of great importance. Moreover, because 
of the high compression ratios adopted, 
detonation can be a serious problem 
and it can burn through piston crowns 
in a short time, Fig. 21. Examples of 
pistons for high performance engines 
are shown in Figs. 11 (right) and 22. 
It will be noticed that in both these 
pistons, three heavy section webs are 
incorporated beneath the crown to 
support it and to assist heat flow to 
the skirt. Rigidity is essential par- 
ticularly the part above the gudgeon 
pin bosses, through which most of the 
gas load is transmitted from the crown. 
Flanges, or lips, are incorporated around 
the inner faces of the bosses to increase 
the rigidity at that point ; this is part 


engines 


of a patent specification held 
by Specialloid Ltd. 

Until recently, Y-alloy was 
the material used. This was 
because its mechanical proper- 
ties at high temperatures are 
better than most other alu- 
minium alloys. However, with 
the introduction of improved 
casting techniques, notably the 
use of water-cooled die casting 
machines with a hydraulically 
retracted, single piece core, 
satisfactory results have been 
obtained with low expansion 
alloys. The thermal conductivity 
of these materials is not quite 
so good as that of Y-alloy. Asa 
result, thicker sections must 
be used and this, to some 
extent, offsets the disadvantage 
arising because of the lower 
strength of the material. The 
increase in weight is not so 
marked as would at first appear 
because this alloy has a rela- 
tively low specific gravity. 
Forged or pressed pistons are some- 
tumes used for racing engines, but in 
many cases they are not regarded as 
absolutely necessary. 

The piston rings used in this type 
of engine usually have a narrow face, 
as little as; in to reduce friction 
and inertia effects. In order to ensure 
that the gas seal is adequate, they must 
have a radiai thickness of about D 26. 
They are made mainly of material to 
the D.T.D. 485 specification. In light 
weight, high performance pistons of 
this type, the life is restricted and 
they should be changed at fairly 
frequent intervals. 


General design considerations 


Contrary to earlier practice, it is now 
customary for engine designers to give 
the piston manufacturers all the rele- 
vant data concerning the engine and 
for the piston manufacturers to execute 
the preliminary design and estimate 
the weight. Then the proportions of 
the crankshaft, connecting rods and 
bearings can be arranged to suit the 
piston. This is a logical procedure 
since the piston has a definite and 
separate function to perform and must 
be designed specifically for it. On 
the other hand, the function of the 
crankshaft and connecting rods is to 
transmit loads applied by the pistons. 

A list of the technical data required 
by piston manufacturers is given in 
the table. The reason for the incor- 
poration of each individual item is in 
most cases apparent, but a few remarks 
concerning the list may help to clarify 
some of the less obvious points. For 
instance, details of the combustion 
system are required in order that the 
appropriate bowl, or other features, 
may be incorporated in the crown, but 
this information also gives an indication 
of the combustion temperatures and 
thermal stresses likely to be experienced. 
The type of liner employed will also 
have a bearing upon, among other 
things, the temperature of the piston. 
From the data concerning coolant 





temperatures at maximum continuous 
rating, information about the tem- 
perature gradient up the cylinder bore 
may be derived. 

Cylinder arrangement is important 
since it affects the tendency to dis- 
tortion and the probable wear character- 
istics. A knowledge of the indicated 
horse power per cylinder is necessary 
because some of the development work 
is usually carried out on a _ single 
cylinder unit. Most of the other data 
included towards the end of the table 
is required for estimating the degree of 
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oil control necessary. This will be 
affected by the method of lubricating 
the small end, the lubricating oil 
pressur and the type of big end 
bearings. Larger clearances are usually 
used with lead bronze bearings than 
with other types, and if the bearings 
have side flanges, there is usually less 
oil thrown from the big ends. 

So far as the overall dimensions of 
the piston are concerned, it is generally 
considered advisable to incorporate as 
large an area as possible above the 
gudgeon pin, for bearing against the 
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cylinder wall. However, the height 
of the piston above the pin is limited 
by the height of the engine. The 
overall length of the skirt below the 
rings should be approximately equal 
to the diameter of the piston. In 
diesel engines, piston speeds are gener- 
ally limited to 1600 to 1800 ft/min, 
while in petrol units speeds of 2400 to 
3000 ft min are common. 

Acknowledgement is made to T. O. 
Hunt, Technical Director of Specialloid 
Ltd., for information which he supplied 
for the preparation of this article. 


DATA REQUIRED FOR DIESEL PISTON DESIGN 


Piston part number 
Engine type 
Intended application 


Stationary, passenger, goods, marine, 


etc 
Vertical or horizontal 
Combustion system 
Bore 
Bore limits 
Capacity 
Cylinder arrangement 
Multi- or mono-bloc 
‘Type of liner 
Chromium plated, nitrided, etc 
Wet or dry liners 
Blown or normally aspirated : 
R p.m, at Maximum continuous rating 


10On ratio 
lb in* 
mntinuous rating 
t verload 
Firing pressures 
i ontinuous rating 
Overload 
Indi 1 h.p. per cylinder 
i {Lontinuous rating 
Overload 
t gas temperatures 
temperature at 
rating 


maximum 
ntinuous 


Lubricating oil temperatures at maxi- 
mum continuous rating 

(a) in: 
b) out: 

Fuel consumption : 
Estimated or actual) 

Lubricating oil consumption : 
Estimated or actual 

Method of lubricating small end bush 
splash or pressure feed 

Big end bearings : 
Strip type without side flanges or 
shells with side flanges 

Lubricating oil pressure, and position at 
which it is taken, i.e., at pump, 
main gallery, or overhead rocker gear: 


AIR-PRESSURE HYDRAULIC BRAKING 


Clayton Dewandre Developments 


L,THOUGH hydraulic brake actua 

tion gives a high mechanical 
efficiency, it does not of itself provide 
energy to assist the driver’s effort. For 
applications requiring boost, — the 
vacuum servo has been devel ped to 
combined unit) with the 
hydraulic master cylinder. ‘This gave 
increased brake efficiency and tor 
petrol engined vehicles no cost) was 
involved in’ providing the vacuum 
power. For a diesel engine vehicle, 
however, an exhauster is required to 
produce the vacuum, with a vacuum 
reservoir to provide power storage 

Frequently, air pressure — braking 
equipment is specified for a vehicle 
with hydraulic brake transmission, and 
to meet the needs of such cases, Clayton 
Dewandre, Titanic Works, Lincoln, 
have developed the “Airhydro” master 
which, combined with a com 
pressor and reservoir, replaces the 
vacuum equipment The — chassis 
builder is free to supply the vehicle 
with either vacuum or air pressure 
brakes, without having to change the 
brake layout. 

The “ Airhydro,” which is similar in 
design and principle to the vacuum 
hydraulic master converts al 
pressure into hydraulic pressure, so 
combining the advantages of hydraulic 
brake operation with an air pressure 
system. The unit can be made avail 
able with either a Lockheed or Girling 


form a 


servo 


servos, 


cylinder. When it is 
with a tandem 
safety tactor of 
of front and 


maste! 
used onjunction 
master cylinder, the 
inde} operation 
rear wheels is retained. 

At present, production of the “ Air 
hydro” range of limited to 
three basic designs, with 2 in, 3} in and 
Sin air cylinder bores, produced for 
light, medium or heavy civilian and 
militar chicles. The various types 
and ; of the hydraulic) mastet 
cylinder ire determined by the 
hyd brake system. 

Because of its relatively high operat 
ure, the “ Airhydro” is more 
compact than a vacuum servo. For 
example, the smallest unit with a 2 in 
bore | in Output equivalent to that 
of a 44 in bore vacuum servo. With an 
operating pressure of 1001b/in’ an 
input the servo of 445 1b 
through the pedal linkage produces 

line pressures from 750 to 
1400 Ib/in’ over the range of 
exception of the 2 in bore unit 
incuon with a Ll) in diameter 
vlinder, which gives 500 Ib/in 

pressure at an input effort 
of 250 It his point in the output 
performance is referred to as the knee 
point; it is the limit of power assistance, 
beyond which all additional effort to 
the brake pedal is transferred direct to 
the hydraulic master cylinder 

In the event of failure or should the 


hyd 


ndent 


Servos 1S 


ing pl 


ffort to 


servos, 
with the 
In con 
mastel 
hydra 


vehicle be on tow, the reservoir main- 
tains sufficient air pressure for several 
brake applications. When this ts 
exhausted, the driver’s effort on the 
brake pedal is transmitted through the 
servo to. the hydraulic cylinder, 
although, of course, a greater effort will 
be required. 

The installation of the equipment is 
comparatively easy and a_ certain 
degree of latitude is permissible in the 
positioning of the units. ‘The “ Air- 
hydro” embodies the well known 
Dewandre reaction control charac- 
terisucs. This ensures that the hydraulic 
line pressure is always proportional to 
the effort applied at the pedal, so that 
the driver has a sense of “ brake feel.” 

A servo input rod, connected to the 
brake pedal, is attached to the 
Dewandre lever assembly, which 
operates through a relay lever to the 
distributor valve mounted on the side 
of the cylinder casing. When the brakes 
are applied, the distributor valve seals 
off the atmospheric connection and 
then admits air pressure to the power 
cylinder. The air pressure acting on 
the servo piston applies force through 
the lever assembly to the hydraulic 
cylinder, thus assisting brake applica- 
tion. As the servo attains an output 
proportional to the driver’s balanced 
effort, the distributor lever closes owing 
to the balancing action of the Dewandre 
levers. 
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HIGH PRESSURE FUEL PIPES 


An Investigation by C.A.V. Ltd. into Failures on Cl. Engines 


IGH pressure fuel pipe breakages 
have been experienced with many, 
if not all, makes of diesel engine 
from time to time. Investigation into 
causes has been carried out in the past 
without, however, producing any fully 
satisfactory solution to the problem. 
The frequency of failure varies greatly 
both from engine to engine and from 
operator to operator, from a pipe life 
of three years or even longer to frequent 
failure after a few weeks. Although one 
or two types of engine appear to be 
clear of the trouble so far as a few 
operators are concerned, there seems 
to be no engine that can be said to be 
free from pipe failures everywhere. 
In response to enquiries, a number of 
users, when first approached, said that 
the trouble was unknown, but subse- 
quently found that in actual fact 
breakage was surprisingly common. 
Failure usually consists of a break, 
more or less transverse, generally at 
the nipple, but with some terminations 
other types of failure, causing leakage 
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Records of vibrations in a fuel pipe under various conditions 
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and their Prevention 


rather than break- 
age, occur first. Past 
work has been done 
on the fatigue 
strengths of the 
normal single-taper 
pipe ends, some 
other forms of ter- 
mination, and on 
pipes of some 
different materials. 
Some improvement 
of fatigue strength 
was found possible, 
but uncontrolled 
trials in service did 
not appear to show 
any considerable 
improvement in 
service life. 

While C.A.V. 
Limited has sup- 
plied fuel injection equipment for a 
very wide range of engines, the high 
pressure fuel pipes have been supplied 
generally by the engine builder. How- 
ever, it seemed 
logical for the com- 
pany to investigate 
the whole problem 
to try to find a 
means of elimina- 
ting pipe failures, 
and accordingly a 
programme of work 
was put in hand. 
A review of service 
practice and experi- 
ence was first made, 
to discover if there 
was any fully satis- 
factory solution al- 
ready in_ being. 
Concurrently, a 
laboratory investi- 
gation was made, 
the primary cause 
of failure was esta- 
blished, and a 
number of possible 
cures examined. As 
a result, a solution 
was devised which 
appears to be en- 
tirely satisfactory 
and generally 
applicable. 


Fig. 1. 
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Present practice 


High pressure 
pipes are almost 
invariably of mild 
steel and, in en- 
gines of up to 10 
litres, or there- 
abouts, of 6mm 
O.D. There are 
many different ter- 


T ming valve 


Terminations for C.|. engine high pressure fuel pipes 


minations, however, some of which are 
shown in Fig. 1. Of these (A) to (E 
have been widely used, and there are a 
few others not in common use and not 
illustrated. The commonest termina- 
tion (Fig. 1(A) is the single taper made 
by upsetting or swaging with a hand 
tool, with a steel backing washer. 

The double cone end has generally, 
but not invariably, been found to be an 
improvement over the single taper as 
regards breakage, but with some 
danger of trouble due to washer failure 
and consequent leakage. ‘The loose 
brass olive was sometimes found to 
reduce breakages but with an increase 
of leakage trouble. Various forms of 
pipe clamping have been tried and 
many are used. ‘They are generally 
found to improve matters, but seldom, 
if ever, to afford complete freedom from 
pipe failure. A number of alternative 
pipe materials, including Monel metal, 
Tungum and stainless steel, have been 
tried, with some improvement in the 
case of Monel, but without providing 
a complete cure. 


Laboratory investigation 

Most pipe failures examined appeared 
to be fatigue fractures due to transverse 
bending. Calculations of the magni- 
tudes of some of the quantities involved 
are of interest. Ifa high pressure pipe 
20 in in length is held firmly by the 
pump at one end and the nozzle holder 
at the other, a displacement of the 
middle of 0:1 in produces a stress at 
the ends of about 10 tons/in*. This is 
the fatigue limit of the normal single 
cone terminations. ‘The lateral dis- 
placement of one end of the pipe 
relative to the other, which would 
produce this stress is about 0-4 in, 
but vibration of the pump relative to the 
engine of this amount is, of course, 
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TABLE | 


Damping factor 


Material Fatigue 


energy loss 


E 
cycle after ri 10° 


limit T running at stress tons in’ tons in’ 
T d 


tons in* 


CA. 9-6 
Double 12-4 

cone 

a A 9-0 

95 

12-0 

10-5 

10-0° 


Mild steel 


Hard nickel ( 
Soft nickel ( 
HalfhardMonel = C. 
Soft Monel & 
Everdur ie 


*Maker’s value. 


!' These materials were not run to stabilize the 


quoted here are too low to be of interest 


inconceivable. A high pressure fuel 
pipe, clamped at each end, is a highly 
resonant system, however, and if there 
is a vibration of one end relative to the 
other of the same frequency as the 
natural frequency of the pipe, stresses 
greatly in excess of those corresponding 
to the amplitude of the exciting 
vibration can be built up. 

An amplification factor of 60 is quite 
possible, so that for a 20in pipe, a 
vibration of one end relative to the other 
of 0-007 in would be enough to excite 
a vibration of amplitude 0-1 in at 
the middle of the pipe, producing a 
stress equal to the fatigue limit at the 
ends. Such a_ vibration must be 
reckoned reasonable. The amplification 


depends upon the damping which is 
discussed later. 

It can be shown that the frequencies 
of pipes and probable engine or pump 


roughly the same. 
frequency of a 


frequencies are 
The lowest natural 
20 in pipe in transverse vibration is 
100 cycles per second. This is equal 
to the pump cam frequency (or engine 
firing frequency) of a 6 cylinder engine 
at 2,000 r.p.m. It seems probable, 
therefore, that pipe oscillations are 
excited by even the fundamental of the 
engine firing frequency, and certainly 
by low harmonics of it. 

The stresses actually occurring in 
pipes were explored by strain gauge 
measurements on a typical 6 cylinder 
LD).1. engine. The gauges were attached 
to the pump ends of the pipes, as 
failure occurs more frequently at this 
end, and in any case the stresses at the 
two ends are not likely to differ greatly. 
Results are shown in Fig. 2. (a) is a 
record of the vibrations resulting from 
plucking a pipe with the engine not 
running. The very slow decay of the 
oscillations is an indication of the very 
low damping of the system, showing 
that resonances of large amplitudes 
are likely. 

(b) is a record taken at a speed chosen 
at random to indicate the general level 
of stress in the pipe; at certain speeds, 
however, much larger amplitudes are 
found. 

(c) shows the most severe resonance 
observed on this particular engine. 
The fact that the vibration is resonant 
is demonstrated in (d), which shows the 
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0 - U6 
0-095 80 
O-U5S 9-0 
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damping factor since the initial values 


effect of laying a finger lightly on the 
middle of the pipe. This small amount 
of damping was enough to reduce the 
many times. 

The largest stress observed on this 
engine was about +6 tons in®. This 
is well below the fatigue limit of the 
single taper ends (10 tons in*), but it 
is to be expected that the actual magni- 
tudes of such resonant vibrations will 
vary greatly from engine to engine and 
condition to condition. Even this 
installation, therefore, cannot be said 
to be out of danger. Several engines 
have been examined, and maximum 
stresses ranging from 5 to 20 tons in* 
have been found. This points to the 
conclusion that resonant’ vibrations 
leading to bending stresses reaching 
the fatigue limit of the pipe ends are 
the primary cause of failure. 

The following quantities determine 
the stre 

1. Amplitude and frequency of the 

exciting vibration, that 1s, of 
pump with respect to engine. 
Fatigue limit T of the pipe with 
chosen end fitting. 
The damping factor d of the 
pipe at its end fitting, which 1s 
iefined as the energy loss per 
cycle divided by the total energy 
of the vibration. 
Young’s modulus E of the pipe 
material 


stres 


Items 1, 3 and the pipe geometry 
determine strain, and stress is equal to 
strain X I The relative merit of any 
given material and termination 1s 
determined by the expression Td E. 

Whatever else is done, it is of the 
first importance that the mounting of 
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the pump on the engine should be as 
rigid as possible, since other things 
being equal, pipe stresses are propor- 
tional to the amplitude of vibration of 
pump with respect to engine. In 
practice, however, it would appear to 
be seldom, if ever, possible to achieve 
so rigid a system that pipe vibrations 
do not occur. 

The possible means of 

failures are :— 

1. By increasing the fatigue limit 
of the pipe material and or the 
termination. 

By increasing the damping capa- 
city of the pipe’ material. 
Measurements of both damping 
capacity and fatigue limit have 
been made. 

By imposing restraint on the pipe, 
for example, by clamping. 


reducing 


Fatigue limit of pipe materials 

and terminations 

Measurements of the fatigue limits 
of pipes of various materials with 
different terminations were made. A 
simple test rig was used, in which a 
short length of pipe, held by the 
termination under test, was subjected 
to reverse bending by loading as a 
cantilever and rotating (the Wohler 
test). The results are given in column 3 
of Table I. The expected fatigue limit 
of the normal mild steel pipe itself is 
12 tons in*. Thus, the double cone end 
is in fact slightly stronger than the pipe 
itself, as is shown by the fact that 
such ends generally break } in or so 
away from the nipple. 

The brazed terminations were also 
fatigue tested and it was found that, 
when properly made, they were as 
strong as, or stronger than the pipe 
itself. Although the single cone end is 
slightly weaker in fatigue, the loss 
compared with double cone or brazed 
ends is small, and is shown later to be 
trivial compared with variations in 
damping factor. 

The effect of the termination is 
somewhat greater with other materials, 
presumably because they are more 
notch sensitive. Thus, with stainless 
steel there is an increase from 14 tons in* 
for the single cone end to 22 tons in* 
for the double cone end. If such 
materials were to be used it would be 
worthwhile also using the double taper 
end. Apart from stainless steel, no 
material tested shows any considerable 
advantage in fatigue limit over mild 
steel. 


TABLE II 


Unclamped 
Worst Resonance 


Speed 


—P soe 


1475 
1630 
1290 
1440 
1450 
1580 


Tons in® 


Clamped 

Worst Resonance 
Speed Tons in* 
1200 
1800 
1900 
1800 
1600 
1500 


m= tow toto 
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Damping factor 

The damping factor increases with 
stress and with the amount of cold 
working to which the test piece has been 
subjected; but if run at a stress near the 
fatigue limit the damping factor de- 
creases with time. The relevant 
quantity is the stable value after running 
at just below the fatigue limit. Measure- 
ments under this condition have been 
made for most of the promising 
materials. 

In order to avoid failure, it was 
generally found necessary to run ata 
stress appreciably below the fatigue 
limit, probably because of occasional 
increases of amplitude caused by varia- 
tions of the mains supply to the test 
equipment. In Table I, the highest 
stress at which it was found possible to 
run is given in column 5 (T’) and the 
final damping factor (d) is given in 
column 4. The merit of any given 
material and termination is given by 
the factor T’d/E in column 7. 

Some tests were also made on stainless 
steel. Earlier fatigue measurements 
gave a high strength (22 tons/in*) with 
double cone ends. Later samples from 
a different batch, however, made to 
measure damping factor, failed to give 
this high fatigue limit. Attempts to 
repeat the original behaviour have so 
far failed, but there remains a possi- 
bility that stainless steel would show a 
worthwhile advantage over mild steel. 
Apart from this possibility, the value 
of T’dE given in the table shows 
that no other material is considerably 
better than mild steel. Attention was 
therefore given to the reduction of 
working stresses by means of dampers, 
the possibility of which had been 
clearly demonstrated by the effect of 
merely laying a finger on a pipe, 
described above. 


Pipe dampers 

Strain gauge measurements were 
made with various types of clamp on an 
engine which gave pipe _ stresses, 
without clamps, of up to 11 tons in’. 
It will be appreciated that in a system 
such that the high stresses are due to 
resonance, the stresses found may be 
capricious from one occasion to another. 
It is therefore necessary that for any 
device to be regarded as offering a cure 
for the breakage trouble, it must give 
stresses very substantially less than 
the fatigue limit; the target set in these 
experiments was one half the fatigue 
limit, i.e., with single cone ends on 
mild steel pipes, a stress not greater 
than 5 tons in’. 

The arrangement miost likely to be 
effective is one in which each pipe is 
connected to the engine structure by 
some material capable of absorbing 
vibrational energy. It was found that 
attaching the mid-point of each pipe 
to the engine by means of a clamp lined 
with sponge rubber was very effective, 
provided the clamp was not fully 
tightened. With the sponge-rubber 
lined clamp fully tightened, however 
or with rigid (steel) clamps to the 
engine, the particular resonance giving 
the highest stress, with pipe unclamped, 
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disappeared, but 
resonances appear- 
ed at other engine 
speeds which were 
generally almost as 
serious as the 
original one. 

A similar result 
was obtained by 
clamping the pipes 
together in pairs 
with either steel, 
wood-lined steel, or 
even sponge-rubber 
lined clamps not 
fully tightened. It 
was concluded that 
of these palliatives 
the most effective 
was clamping to the 
engine with resi- 
lient, energy- 
absorbing material 
interposed. 

The C.A.V. synthetic rubber damper 
(Fig. 3) was then designed. It consists 
of a rubber bush which fits the pipe, the 
outside surfaces being held in a metal 
housing which fits but does not deflect 
the rubber. The effect of these dampers 
in reducing stresses is shown in Table II. 
Subsequently, tests were made on 
two other engines with similar results, 
an occasional stress of 4 tons in® being 
observed on one pipe. Fig. 3 shows a 
twin pipe damper. 

Endurance tests were made in which 
the rubber was stressed much more 
severely than it would be in practice, 
by vibrating a pipe in it. Runs were 
made with the damper dry at room 
temperature, and at 80degC with 
gas-oil dripped on it. Only incon- 
siderable wear was found in 100 hours, 
and in view of the much more severe 
duty which rubber components often 
perform, it is expected that these 
dampers will last many thousands of 
hours; it is proposed, however, that 
the rubber should be replaced at engine 
overhauls. 


Fig. 3. 


Recommendations on pipe 
installations 
The pump mounting and the part 
of the engine structure to which it 
is attached should be as rigid as 
possible. 
Pipes should be clamped at about 
the mid-point to the engine 
structure. Where, to keep pipes 
of equal length, it is necessary 
to put a coil into a pipe, the coil 
should be neglected when esti- 
mating the mid-point. 
The layout should be such that 
the pipe is as far as possible 
parallel with the axis of the 
damper. If a major part of either 
half of the pipes makes an angle 
greater than 45 deg with the 
axis of the damper, the damper 
may be ineffective. 
The pipe should be smooth at the 
point when it goes through the 
damper. 
In forming the pipe ends care 
should be taken to avoid notching 
the material. Flashes should be 


A C.A.V. double pipe damper 


removed only if essential to permit 
assembly; if they must be removed 
great care should be taken to 
avoid gashing with the file. 
Care should be taken 
forming nipples with a _ hand 
operated nipple forming tool, 
that undue pressure is not applied 
as this distorts the nipple and 
reduces the bore of the pipe. 
After formation of nipple and 
setting to required angle, pipes 
should be cleared either by 
blowing through with compressed 
air or with fuel or Shell Fusus ‘A’ 
oil under pressure. 
If pipes are to be stored, ends 
should be blanked off to exclude 
air, or pipes submerged in a 
tank containing fuel or Shell 
Fusus ‘A’ oil. 
The C.A.V. damper of the type 
shown in Fig. 3, is available in single 
double or triple pipe units. 


when 


. . 

Radio Designer’s Handbook 
HIS is a comprehensive reference 
handbook for all who are interested 

in the design and application of radio 


receivers and audio amplifiers. The 
work deals in detail with basic prin- 
ciples and practical design. This fourth 
edition is more than four times as large 
as the previous edition. It is the work 
of 10 authors and 23 collaborating 
engineers under the editorship of F. 
Langford Smith, B.Sc. 

The enormous amount of data it 
contains has been made readily acces- 
sible by means of a fully detailed list 
of contents and a very complete index. 
In itself the book is a self-contained 
source of information, but exhaustive 
bibliographies are also provided. The 
main subjects are:—valves and valve 
testing; general theory and com- 
ponents; radio frequencies; power 
supplies; design of complete A.M. and 
F.M. receivers; and reference infor- 
mation. This book is published by 
Iliffe and Sons Ltd., Dorset House, 
Stamford Street, London, S.E.1, at 42s 
(postage Is. 6d.). 
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ARC WELDING 


The Argonaut Manual Process 


RC welding in a protective shield 
A“ the inert gas, argon, by the 
Argonare process is now a well- 
established practice. The originators 
of this process, The British Oxygen 
Company Limited, have now developed 
the Argonaut process, which is in 
effect a manual Argonarc process using 
the inert gas shielded arc but with a 
consumable electrode and automatic 
regulation. This process uses a shielded 
arc. with direct current (electrode 
positive) of relatively high amperage 
(50,000 amp/in minimum) on a con- 
tinuously fed bare wire electrode of 
small diameter. The high current gives 
a very fast rate of deposition. In 
addition, the manner of metal projec- 
tion across the arc permits welding in 
all positions. These two attributes 
give the process a large field of applica- 
tion on all types of fabrication where 
relatively heavy section aluminium is 
welded in situ. 

Flux is not needed, and the welds 
are of good quality, free from slag and 
inclusions. ‘They are also, of course, 
free from post-weld corrosion prob- 
lems. With multi-pass techniques 
there is no practical limit to the thick- 
nesses that can be welded, and 
comparatively few passes are needed 
because of the large amount of filler 
that can be deposited in unit time. By 
using smaller diameter electrode wire 
and lower current, thin metal down to 
sin may also be welded. The 
efficiency of the process on thin work 
is comparable to that on heavy 
sections. 

The arc 
equipment 


is self-adjusting and the 
includes a reel and feed 


The unit with covers removed to show the reel and the drive rollers for feeding the wire 


motor to 
the filler wire to 
the torch or gun. 
Feed to the gun is 
via a special cable 
which con- 
ducts the argon gas 
to provide the air- 
excluding shield 
round the arc and 
over the weld pool. 
Automatic adjust- 
ment of the arc is 
governed by the 
burn-off rate of the 
wire, which is fed 
at a constant speed 
through the gun. 
If the operator 
tends to draw the 
gun away from the 
work, so lengthen- 
ing the arc, the 
burn-off rate is 
reduced and_ the 
wire feeds to the 
work to shorten the 
arc. On the other 
hand, if the gun is 
brought too close 
to the work, the 
reverse happens. 
Thus the operator 
Is given a_ reason- 


supply 


also 


able latitude without there being any 


adverse effect on the weld. 

To start the welding, the electrode 
or filler wire is brought forward so 
that it projects about }in from the 
nozzle of the gun. When the trigger 
is pressed, the welding circuit is 
switched on and argon starts to flow. 


to the gun 


Argonaut unit complete with associated equipment 


The up of the wire is then brought 
down to the face of the joint and the 
arc is struck. At this stage a relay 
starts the wire feed motor and the 
wire is brought forward and _ the 
burn-off action continues. The fusion 
rate is very much higher than with 
conventional arc welding and con- 
sequently a higher weld speed is 
obtained. The use of the process is 
not confined to light alloys; it may also 
be employed on stainless steel and 
copper base alloys. Certain types of 
welds between dissimilar metals, such 
as copper to steel, can also be effected 
by employing an aluminium bronze 
wire as the filler material. 

From the operator’s point of view, 
the Argonaut process is very easy to 
use in the downhand position for both 
fillet and butt welding. It is, however, 
for vertical and overhead welding of 
fillets and butts that the process scores 
most heavily, since operation in the 
more difficult positions is much easier 
than the comparative methods for 
normal manual arc welding. The most 
notable improvement is for welding in 
the overhead position, because the 
effects of gravity on the weld metal 
crossing the arc are scarcely notice- 
able. This allows an operator of only 
average skill to make welds in positions 
that would otherwise call for a highly 
skilled operator. The principal dif- 
ference in technique is the necessity to 
move along the joint far more quickly 
than is customary. 
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TROLLEY BUS DEVELOPMENTS 


A Review of Present Practice 


N the past two years there has been 

little change in the design of trolley 

bus chassis. The units of the 
electrical equipment, produced in 
similar forms by five independent 
organizations, show less change, except 
in detail, than do the mechanical parts. 
As a reduction of about 10 to 1 is 
required, underslung worm drive is 
generally used. The nominal power 
of the average motor on a one hour 
rating is about 100 b.h.p., and on a well- 
ventilated machine about 90 per cent 
of this is continuously available. 

The design of the motor is also such 
that a very high overload over a wide 
speed range can be carried for short 
periods without harm. As a result the 
control system must be such as to limit 
automatically the acceleration and 
braking to an agreed figure, generally 
in the order of three miles per hour per 
second. This is as high as passenger 
comfort and safety and mechanical 
considerations will permit. The largest 
double-deck, 70 passenger trolley-bus 
can accelerate to 15 m.p.h. in five 
seconds and to 25 m.p.h. in 15 seconds. 

Location of the units comprising the 
electrical equipment is determined 
chiefly by the character of the body and 
the purpose for which it is intended. 
With single deck bodies, the 
contactor group may be 
mounted at the rear and be 
accessible from the outside; 
alternatively it may be on 
the chassis side frame with 
the main shunt field resist- 
ance mounted between the 
frame members near to the 
contactors so as to limit the 
length of cable run. If the 
master controller is mounted 
under the driver’s seat, a 
passenger entrance can be 
arranged forward of the 
front wheel. A second door- 
way can be provided in the 
centre of the vehicle where 
normal rear equipment is 
used, or the second doorway 
can be at the rear overhang 
when the contactors are side 
mounted. 

For overseas application, 
which are subject to few 
restrictions on overall length, 
the traction motor can be 
mounted behind the rear 
axle to give a better distribu- 
tion of weight. This is 
particularly desirable when a 
large seating and standing 
capacity is required in a 
single deck vehicle. The 
B.U.T. chassis type E.T.B.1 
and the Sunbeam M.F.2R. 
chassis shown at the 1952 
Commercial Motor Show 


are typical examples. The B.U.T. 
chassis has English Electric equipment 
throughout, while B.T.H. electrical 
equipment is fitted to the Sunbeam 
chassis. 

Both two- and three-axle trolley buses 
usually have the driver’s cab extending 
to the full width of the vehicle. This 
allows the contactor group to be 
mounted abreast of the driver and 
adjacent to the master controller with 
which it is usually combined. The main 
resistance is then generally mounted 
between the chassis side members and 
immediately behind the cab bulkhead. 

The Sunbeam M.F.2R. _ two-axle 
chassis is substantially the same as that 


described in the Automobile Engineer 


for January 1951. It has an overall 
length of 32 ft Sin with a wheel base 
of 17 ft 6 in and is designed for overseas 
use with single deck bodies of the 
Transit type, having seating capacity 
up to 44 persons. Alternative overall 
dimensions and wheel bases are 
possible with this design to accommo- 
date different length bodies. 

The channel section frame is up- 
swept over front and rear axles and 
strongly braced by pressed and tubular 
cross members. ‘The front axle is a 
drop forged alloy steel beam, with taper 


Steering layout on Sunbeam M.F.2R chassis with B.T.H. electrical 


equipment 


roller thrust bearings on the king pins 
to reduce steering effort. An under- 
slung worm drive rear axle with fully 
floating axle shafts is used and a single 
short transmission shaft with needle 
roller bearing universal joints takes the 
drive from the motor to the worm shaft. 
The worm gear ratio is 10-33 to 1 and 
all tyres are low pressure 10-00-22 type, 
singles being used on front and twin 
tyres on rear wheels. An air pressure 
braking system is used to operate 
internal expanding brakes on all wheels. 
It is brought into operation towards the 
end of the brake pedal motion since 
there are two. stages of stabilized 
rheostatic braking which come into 
operation before the mechanical brak- 
ing. A small air compressor driven by 
a 1-8 h.p. electric motor and having a 
capacity of 10 cu ft/min is adequate for 
both the braking requirements and 
pneumatic operation of doors. The unit 
is carried on the outer face of a side 
frame member. A hand brake of the 
double trailing pawl type with rack and 
pawl mechanism, enclosed to exclude 
dirt, operates on the rear wheels only. 

The steering and controls are forward 
of the front axle and the B.T.H. master 
controller type C.679 is mounted under 
the driver’s seat. The steering is so 
designed that it is possible 
to use a single side steering 
connection from the drop 
arm to the axle and _ still 
obtain a small turning circle. 

As before, the motor is 
rear mounted to improve 
weight distribution. It is a 
B.T.H. 210 flood — proot 
model with a 30 volt over- 
hung B.T.H. generator for 
interior lighting and battery 
charging. The generator 
armature is mounted on an 
extension of the motor shaft 
and the body bolted to the 
commutator end cover so 
that the machine is integral 
with the motor, sharing a 
common ventilating system 
and with the same _ flood 
proof feature. 

The contactor panel, 
B.T.H. type R.M.C., is 
mounted in a_ waterproof 
steel cabinet at the side of 
the chassis frame and the 
resisters are carried in a 
frame between the _ side 
members and _ suitably 
shielded. Automatic acceler- 
ation is included and the 
relay panel for the control is 
fixed to the chassis side 
frame beside the main con- 
tactor panel and enclosed in 
a waterproof casing. All 
power wiring is enclosed in 
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Sunbeam F4/A chassis 


flexible metallic hose giving protection 
against’ chafing and road © splash. 

The Sunbeam F4/A chassis is an 
example of the latest design by that 
Company of two-axle chassis. Though 
this chassis is intended for double-deck 
bodies, the overall length and wheel 
base dimensions can be varied to suit 
single-deck bodies when required. This 


particular chassis has an overall length 


of 26ft 8in and a wheel base of 16ft 
4in. Alternative wheel bases of 17 ft 
6in and 18ft 6in are available with 
correspondingly increased overall 
dimensions, Hydraulic brakes are fitted 
and the electrical equipment is by the 
English Electric Company throughout. 
Special attention has been given to 
simplifying maintenance work and all 
units are readily accessible from a pit, 
so obviating the need for hinged 
inspection covers in the body sides. 

A channel section alloy steel frame is 
employed. It is reinforced by inserts 
at the front and rear upswept portions 
and braced by pressed and tubular 
cross members. The front axle beam 
is a high tensile steel drop forging with 
taper roller bearings on the king pins 
as on the M.F.2R. chassis. An under- 
slung worm back axle and transmission 
is used but the motor in this chassis is 
in front of the rear axle. The gear ratio 
is 9-66 to 1, and twin 10-00 x 20 low 
pressure tyres are fitted on rear with 
11-00 x 20 single tyres on front wheels. 
All hubs have taper roller bearings and 
the brake drums are in alloy cast iron 
with anti-squeal bands. 

Lockheed hydraulic servo brakes on 
this chassis use a combined power valve 
and cut-out, operating individual brake 
cylinders for each wheel. The pump is 
driven by twin belts from the trans- 
mission and a simple method of belt 
adjustment jis provided. By the addition 
of an extra accumulator this system can 
be arranged to provide hydraulic power 
for operating doors. 


Automatic brake adjusters are fitted 


to each wacel and the pedal pressure 
required to produce a given’ braking 
effort is arranged to be the same as that 
required by the compressed air system. 
The two stages of rheostatic braking 
are controlled by the brake pedal, 
which towards the end of its travel 
brings in the mechanical brake in 
addition. ‘The hand brake operates on 
the rear wheels only and is of the 
double trailing rack and pawl type as 
on the M.F.2R. chassis. Marles cam 
and double roller steering is used and 
a group system of lubrication is fitted. 

The English Electric equipment 
installed on the chassis is almost 
identical with that on the complete 
trolley bus The cab control unit 
includes the master controller, located 
under the driver’s seat, and the com- 
plete contactor group unit mounted on 
the driver’s left and fixed to the bulk- 
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head. Automatic acceleration and 
battery manoeuvring are included, 
together with all the mechanical and 
electrical interlocking gear required to 
operate the vehicle. Power wiring is 
enclosed in rubber or flexible meial 
hose, and all resisters are arranged in 
one unit between the side members 
behind the bulkhead. The unit is pro- 
tected from snow and splash without 
interfering with the free circulation of 
air for cooling. 

Another Sunbeam chassis, the F4, is 
of the two axle type and is similar in 
most respects to the F 4/A type. Air 
pressure braking is used in this model 
instead of hydraulic and the electrical 
equipment is B.T.H. throughout. The 
cab control unit is the B.T.H. T.B.C. 
type, attached to the bulkhead in the 
cab on the left of the driver. It contains 
all the control equipment with the 
exception of the main resisters, which 
are shielded from weather conditions 
and carried on insulated supports in two 
sections between the side members of 
the chassis frame. The traction motor 
is the B.T.H. 209 floodproof type of 
95h.p. mounted in front of the rear 
axle which has an underslung worm 
drive with fully floating axles, as in the 
Fk 4/A model. The gear ratio is 9-66: 1, 
the wheels and tyre sizes being the 
same as on the F 4/A. 

Normally, the control system has ten 
accelerating and two braking steps or 
notches, but for difficult country the 
accelerating steps can be increased to 
thirteen and the braking to three, either 
for stabilized rheostatic or contra field 
braking. The latter system is used 
where there is any risk of snow getting 
on to the resister insulators with the 
consequent risk of shock to passengers. 
On accelerating, the first notch is 
sequence interlocked with the second 
to provide a fog running point with 
reduced motor current since the shunt 
field is energized on the second notch. 
In the 13 step design the starting 
resistance is progressively cut out up to 


English Electric cab control unit on F4/A chassis 
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the tenth notch which gives an econ- 
omic running point with full field. The 
remaining three notches weaken the 
field by first cutting out the shunt 
winding and then diverting part of the 
series winding in two stages. Thirteen 
stages, operated in this manner, are 
used where gradients demand reduced 
increments of accelerating torque for 
smoothness of operation. The auto- 
matic accelerator unit has four elec- 
trically-operated relays which allow 
acceleration to proceed at any rate up 
to acontrolled maximum, provided that 
the motor current does not exceed the 
permissible value. The control is on a 
time basis and is also limited by motor 
current. 

A Sunbeam M.F.2.B. trolley bus 
chassis with double-deck body is of 
special interest since it is an overseas 
type of chassis modified by reducing 
the wheelbase to I5ft 6in and the 
overall length to 27 ft to bring it within 
the Ministry of Transport Regulations. 
The vehicle is to the order of the 
Kingston-on-Hull Corporation. 

The double-deck body is of com- 
posite construction and built by Charles 
Roe Ltd., of Leeds. It has seating 
capacity for 54 passengers, 20 in the 
lower compartment and 34 in the upper 
saloon. The body design is completely 
new, with separate entrance and exit 
doors. The entrance door is forward 
of the front axle and there is a central 
exit and two staircases to the upper 
saloon. This arrangement has been 
adopted to speed up the loading and 
unloading and ease the flow of pas- 
sengers through the vehicle. The docrs 
are air operated and their mechanism 
is interlocked with the control circuit 
of the trolley bus for safety. 

Metropolitan-Vickers traction equip- 
ment is employed. The master con- 
troller is located under the driver’s seat 
and the contactor panel unit, though 
mounted on the chassis, is inside the 
bodywork under the rear staircase and 
accessible through hinged panels in the 
side of the body. A 95h.p. compound 
flood-proof motor carries an overhung 
C.A.V. generator for interior and traffic 
lights. B.T.H. resisters type R.P. are 
chassis mounted and protected against 
weather conditions. 

The British United Traction model 
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9641.T. is a three- 
axle trolley bus 
chassis with a 
wheelbase of 18 ft 
Sin to centre of 
bogie and an over- 
all length of 29 ft 
7in. It is one of 
a fleet of double- 
deck trolley buses 
electrically 
equipped by the 
General Electric 
Company for 
Belfast Corpora- 
tion. 
The 


section 


channel 
frame of 
alloy steel has a 
maximum depth 
of 11} in and the 
tubular steel cross 
members are posi- 
tioned to. carry 
the electrical 
equipment, in- 
cluding the driv- 
ing motor, as well 
impart the 
necessary rigidity 
tothe frame. 
Strengthen- 
ing = flitches of 
alloy steel further 
suffen the frame 
where it rises over 
the front and reat 
axles. 

The front axle 
beam is an alloy 
steel stamping of I-section with integ- 
rally formed spring pads, and the 
steering swivels are of high tension 
alloy steel with phosphor — bronze 
bushes at the top and bottom. Vertical 
lead is taken by taper roller thrust 
bearings, encased in pressed steel hous- 
ings to exclude mud and water, and 
carried on self-aligning spherical seats. 
The hollow swivel pins are of high 
tensile alloy steel chromium plated to 
minimize wear. They fit into tapered 
bores in the ends of the axle beam, and 
their retaining nuts also hold the front 
air brake cylinders. 

Worm and nut steering is employed 
with the rocker shaft carrying a bronze 
nut that swivels on two trunnions and 


as to 


Rear end of Sunbeam F4/A chassis 


is operated by a thread cut on the lower 


end of the steering shaft. The upper 
end of the shaft is carried in a duplex 
double purpose ball bearing. Worm 
driven rear axles with fully floating 
axle shafts are used, a third differential 
being embodied in the drive between 
the two axles forming the rear bogie. 
The gear ratio is 10}:1 with an alter- 
native of 9:1; the tyre size is 
11-00 x 20. 

Single inverted semi-elliptic springs 
at each side are pinned at their ends to 
the two rear axles forming the bogie 
and are pivoted to the frame through 
large diameter plain bearing trunnions 
and cast steel brackets bolted to the 
side members. Horizontal radius links 


Sunbeam M.F.2B chassis with Metropolitan-Vickers electrical equipment 





Contactor panel on the Sunbeam M.F.2B chassis 


transmit the torque reaction directly 
from torque arms on the axle casing to 
a bracket bolted to the side frame, thus 
ensuring equal loading of the two axles 
under all conditions of acceleration and 
braking. 

The motor 1s attached to the chassis 
frame by resilient mountings. Drive to 
the first rear axle is by a short propeller 
shaft with Hardy Spicer wide angle 
couplings at the front and rear. Inter- 
axle drive is by a similar Hardy Spicer 
shaft. 

Compressed air braking is used. It 
operates internal expanding brakes on 
all wheels and is brought into action 
towards the end of the brake pedal 
motion after two stages of stabilized 
rheostatic braking which come into 
action before the mechanical braking. 
The compressor, which has a displace- 
ment of 45cuft/min is driven by a 
| h.p. motor and maintains a pressure 
of 70 to 901b/in® in its 0-75 cu ft 
reservoir. A pull-on type hand brake 
with a five pitch ratchet and pawl 
operates the eight shoes in the rear 


General Electric cab control unit o 
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axles independently 
of the air brake 
system. 

G.E.C. electrical 
equipment is used 
throughout. The 
master controller 
and the complete 
contactor unit are 
mounted together 
inside the cab, the 
former being 
located under the 
driver’s seat with 
the contactor unit 
fixed to the bulk- 
head on the driver's 
left. The master 
controller is of the 
silver butt contact 
type and contains 
the sections for operating speed control, 
automatic acceleration, rheostatic brak- 
ing and also includes the reversing 
drum. Mechanical interlocks prevent 
power being applied when braking is 
in operation or unless the reverse drum 
is in its correct position; the reverse 
drum cannot be moved unless both 
control sections are in the “off” 
position 

Automatic acceleration is obtained 
through hydraulic dash pot or retarder 
and a spring in the coupling rod 
between the power pedal and the master 
controller. The retarder has two valves, 
one of which—the main valve—is con- 
trolled by a magnetic relay operated by 
the main motor current. As long as 
this current remains below a_ pre- 
determined value the valve is held open 
to allow the master controller to follow 
the pedal. Any rise in motor current 
closes the valve immediately and arrests 
the controller’s progression. To obviate 
stalling on hills or in similar circum- 
stances, the second valve in the retarder, 
which is independent of the current 


B.U.T. 3-axle chassis 
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control of the main valve, allows the 
master controller to follow the pedal 
at a slow rate. The maximum rate of 
acceleration is thus limited to a pre- 
determined value, in this case about 
2 miles per hour per second. Any rate 
lower than this is under the driver’s 
control. The contactors are of the 
clapper type arranged for mounting on 
the front of the panel with front con- 
nections. Interlocks actuated by the 
contactors through bakelite links are 
fitted as required. 

Protection to the electrical equipment 
is provided by two circuit breakers, one 
in each pole, mounted together in one 
case In any convenient position within 
reach of the driver. The motor is also 
protected by an overload relay which 
prevents the breakers from opening if 
a momentary overload occurs. It also 
allows the driver to re-apply power 
after first bringing the controller back 
to the off position. To prevent inter- 
ference with radio reception, suitable 
condensers are connected across the 
H.T. circuits with choke coils in 
the positive and negative control 
feeds. 

A flood-proof compound wound 
motor rated at 125 h.p. is used. Attached 
to the commutator end is an overhung 
C.A.V. voltage controlled generator of 
1440 watts output at 24 volts nominal. 
The cutting in speed is about 3} miles 
per hour. It supplies the interior and 
traffic lights in conjunction with a 
normal size battery. Battery manceuvr- 
ing is not required. 

The control of the driving motor is 
such that it operates as a compound 
wound motor for the first six control 
steps, parts of the starting resistance 
in series with the armature being pro- 
gressively cut out at each step. On 
step 7 it is running as a compound 
wound motor at line voltage with all 
resistance cut out. On step 8 the shunt 
field is cut out, the motor then running 
as a series motor, and on the last two 
steps a part of the series field is pro- 
gressively diverted. There are two 
stages of electric braking in which a 
part of the series field is used to oppose 
the shunt field and so limit the maxi- 
mum torque to a safe value. The last 
part of the pedal motion brings in 
mechanical braking. 

The British United Traction chassis 
type E.T.B.1 is a two axle model 
designed for single deck trolley bus 
bodies and is one of a fleet with elec- 
trical equipment by the English Electric 
Company for Glasgow Corporation. It 
differs slightly from the standard 
B.U.T. specification in that the overall 
length has been reduced to 29 ft 24 in 
to give a complete vehicle length of 
30 ft Oin. Those dimensions have been 
obtained by reducing the wheel base 
from 17ft 6in to 15ft 74in and 
shortening the overhang at the rear. 
This overhang has been raised so that 
a flat floor can be provided running 
throughout the length of the vehicle 
interior. 

The chassis frame side members are 
of channel section alloy steel upswept 
over the front and rear axles and tied 
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together by one channel section and 
eight tubular cross members. The 
traction motor is carried between the 
left-hand side member and an addi- 
tional short tubular longitudinal mem- 
ber between the two cross members 
ahead of the ‘rear axle. Resilient 
mountings are used and the drive to the 
axle is by a short propeller shaft with 
needle bearing universal joints. The 
rear axle is of the fully floating type 
with underslung worm drive of 9} to 1 
ratio. 11-00 x 20 low pressure tyres are 
fitted all round with twins at the rear. 
Marles cam and double roller steering 
is fitted, the motion being transmitted 
by an intermediate drag link to a relay 
shaft and thence by a second drag link 
to the axle swivel so that a large angle 
of lock is obtained. The foot brake 
operates on the Lockheed hydraulic 
accumulator servo system and a special 
valve is used to give a pedal pressure 
in operation similar to that of an air 
brake system. 

English Electric equipment installed 
on this chassis is of the same 
basic design as that on the Sunbeam 
chassis type F 4/A. In the case of the 
B.U.T. chassis, however, as it is 
intended for a single-deck body, the 
contactor group and field resistances 
are mounted on the side frame of the 
chassis and the master controller under 
the driver’s seat, so leaving room for a 
passenger entrance forward of the 
front wheel. In the two Sunbeam 
installations fitted with this equipment 
the master controller and contactor 
panel are incorporated in the cab 
control unit bolted to the front bulk- 
head. 

All electrical contacts are of de- 
oxidized silver and of the butt type, 
designed to have a mechanical wiping 
action to prevent corrosion. Mechanical 
interlocks are fitted so that the reverser 
cannot be moved with either the power 
or brake pedal depressed or the power 
pedal moved with the reverser at the 
“off” position. Battery manceuvring 
is provided and the change-over from 
trolley to battery operation is made by 
contacts on the reverser. There is, in 
addition, a series-parallel battery switch 
and contactor connecting the series 
batteries with the motor and operated 
by a foot switch. The traction motor 
is the 120 h.p. type 410 flood-proof 
model with C.A.V. overhung generator 
for low tension lighting. It is carried 
on bonded rubber mountings. 

The standard’ English Electric 
method of control as used on the three 
installations referred to is the S.D. 
(Series-Dynamic) system in which the 
series field only is used for accelerating, 
giving the steep gradient characteristic 
required to minimize current peaks on 
each notch. Use of the shunt field for 
braking only and the series field for 
power only permits a small shunt wind- 
ing to be used, and as the motor field is 
at a minimum when the rheostatic 
braking circuit is established and there 
is only residual voltage on the motor, the 
braking current is built up gradually as 
the shunt field builds up. 


Eleven steps are provided for 
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acceleration. The 
series field only 
being used, it car- 
ries the full arma- 
ture current. At 
each of the first 
eight steps the 
resistance in series 
with the motor is 
cut out progres- 
sively so that on 
the eighth step the 
motor is connected 
directly across the 
line, all the resist- 
ance having been 
cut out. The three 
remaining steps are 
given by progres- 
sively weakening 
the series field by 
connecting divert- 
ing resistances in parallel. 

For braking, the shunt field is con- 
nected across the line in series with a 
resistance which is cut in two stages, 
the armature being connected to a 
section of the main starting resistance. 
To prevent the maximum braking 
torque exceeding the safe working load 
on the rear axle, a differential effect is 
obtained by connecting the shunt field 
to the line through a section of the 
main resistance carrying the armature 
current. The potential across this, due 
to the current, is used to oppose and 
limit the shunt current, which in turn 
limits the rise in braking current and 
stabilizes the braking effort at each of 
the two steps. Further depression of 
the brake pedal holds the electric brake 
and brings in the hydraulic brake in 
addition. 

The automatic accelerator consists of 
a unit containing hydraulic valves which 
are under the control of a spring-loaded 
rod from the power pedal. A current 
limit relay set at a predetermined value 
of current, controls an electro-mag- 


English Electric master controller on B.U.T. 2-axle chassis 


netically operated stop valve. If the 
current rises above this value the relay 
operates to prevent further progression 
of the controller until the current value 
falls to the level required for the 
current limit relay to open and release 
the stop valve. The timing of the 
operation of the controller can be 
adjusted to meet service requirements. 
The current limit relay is mounted on 
the main contactor panel and the 
hydraulic unit is fitted on the back of 
the master controller. 

Radio interference is prevented by 
fitting a small choke in each main lead 
and there is also a tuned condenser 
filter connected to the trolley leads, 
which acts as a low-impedance shunt 
between them and the chassis at radio 
frequences. Since the condenser filter 
is connected to the main trolley leads, 
it also suppresses interference from the 
main motor, compressor set and motor 
generator set when fitted. 

The C.A.V. overhung generator type 
1D 13 T.B. is a shunt wound four-pole 
machine fitted with commutation poles 


English Electric equipment on B.U.T. 2-axle chassis 
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Field and armature for C.A.V. overhung generator 


and having a nominal output of 1500 
watts. It can be supplied with a 24 or 
30 volt winding as required. The 
armature is built on a steel sleeve for 
attaching to an extension of the traction 
motor shaft, the yoke, pole and brush 
gear assembly being «attached to the 
motor end shield by a spigoted flange. 
This machine is designed to have a low 
cutting-in speed and a wide speed 
range. Commutation poles are fitted 
to ensure sparkless commutation ove! 
all conditions of load and speed. 

The 24-volt machine cuts in at 270 


r.p.m., corresponding to a road speed 


of 3-1 m.p.h. with a 10-33 axle ratio. 
Full lamp load of 35 amps is carried at 
420 r.p.m., corresponding to 4-9 m.p.h., 
and the maximum output of 60 amps 
is reached at 520 r.p.m, or 6 m.p.h. 
The corresponding road speeds for the 





Alkaline battery—former design 


design are 3-6, 4:3 and 5-7 
respectively. The machine 
with the C.A.V. compensated 
regulator and cut-out. 


30 volt 
m.p.h 
operate 
voltage 

Alkaline batteries are now extensively 
iccount of their robustness 
long life. They differ in many 

from the lead-acid type. For 
example, nineteen cells are required for 
a 24-volt and 24 cells for a 30-volt 
system owing to the lower voltage per 
compared with the lead acid 
type In spite, however, of the greater 
number of cells required there is a 
ible saving both in space and 
weight in favour of the alkaline type 
for the same duty. 

Since the introduction of the nickel 
cadmium to supersede the nickel iron 
type, the design has undergone internal 
developments without sacrificing the 
original qualities such as the ability to 
withstand hard mechanical treatment, 
including shocks and vibrations, and 
neglect It is almost impossible to 
damage the plates through overcharging 
and the battery can be left in a dis- 
charged state practically indefinitely, 
since there is no internal action corres- 
ponding to sulphating in the case of 
the lead-acid type. As the electrolyte 
is alkaline the terminals do not become 
corroded and there is no local action 
between it and the constituents of the 
cell so that on open circuit the cell is 
completely inert. 

Successive stages in design have made 
possible a considerable increase in plate 
area by reducing both the plate thick- 
ness and the separation. The adoption 
of a narrower plate pocket and several 
minor alterations and adjustments made 
to terminal connectors, etc., together 
with improvements in active material, 
have all contributed towards reducing 
the internal resistance and improving 
performance so that a high voltage 
can now be maintained under the 
heavy discharge required for battery 
manceuvring or starting in the case of 
a C.I. engine. A considerable saving 
in weight and overall dimensions has 
also resulted. No alteration in regulator 
required from that suitable 
icid battery. 
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The positive and negative plates are 
identical in mechanical construction. 
Active material is pressed into 
briquettes before being fed between 
two finely perforated strips of high 
grade steel which are sealed along their 
edges to form tubes. These are cut to 
length and mounted in a welded steel 
frame to form the plate. The active 
material is thus enclosed in finely per- 
forated steel envelopes so that there can 
be no sediment formed in use. 

The active material of the negative 
plate is a preparation of cadmium oxide 
with a small quantity of iron oxide. 
The positive plates consist mainly of 
specially prepared nickel hydroxide 
mixed with other ingredients to 
increase the conductivity and porosity 
of the mass. The electrolyte is mainly 
a solution of potassium hydroxide in 
distilled water and has a density of 1-23 
to 1-16. This does not vary with the 
state of the charge as it does not enter 
into chemical action. 

On discharge, the nickel oxide in the 
positive plate is reduced to a lower form 
while the cadmium and iron in the 
negative plate are oxidized to cadmium 
and iron oxides respectively. On charge 
the reverse action takes place, the 
metallic oxides of cadmium and iron 
being reduced to the pure metals and 
the lower nickel hydroxide restored to 
its original condition. 

The characteristics of an alkaline 
battery in use differ in many ways from 
that of a lead acid battery of about the 
same capacity. For instance, it is well 
known that the capacity of a_ lead 
battery falls gradually during its life, 
which probably will not exceed four 
years under normal conditions. The 
alkaline type usually shows an increase 


Alkaline battery—current design 
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in capacity during the first year or so 
and should it decrease appreciably later, 
it can generally be brought back again 
by a charge of electrolyte and hard 
cycling, the ultimate life being about 
equal to that of the chassis. 

The two types behave differently 
under heavy discharge. For instance, 
a lead battery will not give its ten-hour 
rated capacity over shorter periods, the 
capacity falling as the current is 
increased. An alkaline battery of the 
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same rating maintains its capacity up 
to high rates of discharge, though the 
lead battery can give a momentary 
higher output. This ability to maintain 
capacity is of value in certain heavy 
duty installations as it obviates the need 
for a large battery to ensure satisfactory 
service. 

Under working conditions when dis- 
charge occurs immediately after charge, 
the initial portion of the discharge curve 
is at a substantially higher voltage than 





the normal and it takes an appreciable 
tine to fall to the normal value. Con- 
versely, the initial portion of the charge 
curve immediately after discharge is at 
a lower voltage and it takes a little time 
to adjust itself to the normal figure. 
In consequence, the transition between 
charge and discharge is a smooth curve 
rather than a sudden change, and the 
general effect is very much more 
evident than in the case of a lead acid 
battery. 


AUTOMATIC CHASSIS LUBRICATION 


A Clayton Dewandre Development for Trailers 


ECAUSE of the economies in 

vehicle operating costs, time, labour 
and lubricant that result when auto- 
matic chassis lubrication is employed, 
there has been an increasing demand 
for Clayton Dewandre lubricators for 
all types of vehicles. For long-distance 
service vehicles, the belt driven “Multi- 
point” lubricator, mileage controlled, 
is made in various sizes capable of 
feeding from 18 up to 72 separate 
chassis points. To meet the needs of 
passenger vehicles engaged on city or 
urban services and goods vehicles 
operating on short delivery runs, where 
the brakes are used fairly frequently, 
the Automatic lubricator was developed. 
This unit is actuated by a_ small 
pneumatic cylinder, connected into the 
brake line of the vacuum or air- 
pressure brake system, so that the 
lubricator is operated every time the 
brake pedal is depressed. 

Heavy trailers are invariably used in 
conjunction with long-distance vehicles 
and therefore lubrication should be on 
a mileage basis. The “ Multipoint” 
lubricator cannot be used for such an 
application since it requires a_ belt 
drive, and although it would be a 
simple matter to fit an automiatic 
machine operated with the trailer 
brakes, the infrequency of brake appli- 


GLASS fibre-polyester two-door 
saloon body for mounting on a 
standard Lancia chassis is being shown 
at the British Plastics Exhibition which 
is now open at Olympia, W.14. A note- 
worthy feature of the design is that the 
body can be removed from the chassis 
in a few minutes simply by undoing 
eight bolts, unplugging the electrical 
connections, and lifting it off. The 
chassis is then left in a driveable state. 
Although the body shell, which is 
made in one piece, is strengthened 
with jin diameter by 16s.w.g., cold 
drawn, mild steel tube, it weighs only 
about 1101b. The tubes were made to 
conform with the body lines and all 
important joints were reinforced with 
welded-on mild steel gussets. Before 


cation would prevent efficient chassis 
lubrication. 

One solution to this problem is to fit 
a “ Multipoint” lubricant to the prime 
mover vehicle, which lubricates the 
chassis and at the same time actuates 
a distributor valve to operate an Auto- 
matic lubricator on the trailer. The 
valve is built into the blank end cover 
of either a 24 or 36 point machine. It 
is supplied from the vacuum or air- 
pressure brake reservoir on the tractor 
vehicle and is connected to the trailer 
lubricator through a flexible hose and 
coupling. 

A second revolving face cam in the 
“Multipoint” lubricator causes the 
distributor valve to open to permit 
vacuum, or air pressure, according to 
the system, to be communicated to the 
trailer lubricator which is then released. 
This action produces impulses which 
operate the trailer lubricator at the 
same feed rate as the tractor “ Multi- 
point” lubricator. 

One of the first installations of the 
new equipment has recently been com- 
pleted by Scammel Lorries Ltd. on an 
eight-wheel articulated lorry for the 
Ever Ready Co. (Great Britain) Ltd. 
The vehicle operates between London 
and Wolverhampton and covers 700 to 
800 miles per week. There is no 





PLASTICS MOTOR BODY 


the laminations were laid on, the tubes 
were bound with glass cloth, and the 
body frame was placed on a plaster of 
paris, male mould. The laminations 
were bonded to the tubes which were 
totally enclosed by laying strips of 
glass cloth over them on the inside of 
the shell and applying the resin after 
removal from the mould. 

The body is shown in a_ partly 
finished state, and is not completely 
rubbed down and prepared for cellu- 
lose When finished, it will incorporate 
glass cloth-polyester, top hat section 
stiffeners in the wings and body sides. 
The doors will be stiffened with similar 
top hat sections and with low density 
material. All window channels will be 
of laminated plastics instead of the 


doubt that the automatic chassis lubri- 
cation will not only reduce wear at the 
chassis bearings but will also cut 
maintenance time and thereby improve 
delivery schedules. 
On the tractor chassis a 36-point 
“ Multipoint” lubricator feeds 38 
tractor chassis bearings; four of the less 
important points have split feeds. The 
points lubricated are: 
Front) and rear 
shackles and pins 
Steering drag link 
track rod 
King pins 
Brake, clutch and acceler- 
ator linkage bearings 12 points 
Turntable 4 points 
The semi-trailer is equipped with an 
air-pressure operated 24-point Auto- 
matic lubricator that feeds 19 separate 
chassis bearings; four points have 
double feeds. The points lubricated are:— 
Ist and 2nd axle fixed spring 
pins 4 double feed points 
Ist and axle shackle 
pins 
Balance 
bearing 2 points 
Brake gear 5 points 
The remaining feed point on the lubri- 
cator is used to lubricate the air 
pressure Servo piston of the lubricator. 


spring 
12 points 
and 
4 points 
4 points 


2nd 
8 points 


beam centre 


more usual brass channel sections. A 
fully ducted radiator is incorporated, 
and the head lamps are mounted in the 
duct. Flush fitting, pull-out type door 
handles are to be used and the radio 
aerial is moulded between the lamina- 
in the roof. All these features 
designed to give clean exterior 


fons 
are 
lines. 
Apart from this body, there are 
other exhibits that may interest auto- 
mobile engineers. It is surprising what 
a large variety of finishes are available 
on plastics panels, and a number of 
mechanical components are now made 
of laminated and moulded plastics. 
This is a relatively new industry that 
offers enormous scope for further 
development. (2047) 
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A NEW COATING ALLOY 


A Development for High Temperature Use 


HE use of leaded fuel and high 

boost in aircraft I.C. engines 
imposes very severe conditions on the 
poppet valves. Present day flight 
schedules demand a maximum period 
between overhaul and complete relia- 
bility to avoid unscheduled stops. To 
a lesser extent this applies also to 
modern engines in land vehicles where 
efficiency and hard running are 
demanded. 

At present, the various alloys used 
for valves, valve seat faces, or completely 
coated heads, either fail from lead 
oxybromide attack when the valve 
temperature exceeds a critical figure, 
or from mechanical weakness at these 
elevated temperatures, or a combination 
of both. 

Messrs. Rolls-Royce Limited have, 
during the past few years, developed 
and introduced into flying service a 
new coating alloy which is now being 
used regularly on valves in civil aircraft 
engines. ‘The use of a coating of this 
alloy on the valve head and seating has 
increased the period between scheduled 
valve overhauls to 1,000 hours and 
even after this time only a small propor- 
tion of valves are withdrawn from 
service. 

The new alloy, known as C.26 
(covered by Letters Patent, throughout 
the world), has a nickel base containing 
chromium, aluminium, molybdenum 
and other minor additions in a carefully 
balanced composition based on an 
investigation of the alloy system of the 
four major constituents. The manu- 
facturing and marketing rights have been 
acquired by Deloro Stellite Limited, 
Birmingham. Although hard, the alloy 
is not brittle under the repeated impact 
given to a valve face and does not crack 
radially as many exhaust valve coats 
do under the time/temperature stresses 


N an article entitled “ Piston Rings 

for High Performance Engines,” by 
E. W. Portmann published in German 
in M.T.Z., September 1952, the appli- 
cation of formule for the elastic 
modulus to. self-tightening rings is 
explained. Such rings have a higher 
contact pressure at the gap = and 
opposite the gap. Loading, or the 
closing force, is relatively strongly 
affected by the elastic modulus and 
ring gap. ‘To meet the requirements 
of higher compressions and/or higher 
engine speeds, the elastic modulus 
currently adopted in the United States 
is 12,000-14,000 kg/mm*. Values of 
ring-gap equal to 12-18 per cent of the 
ring diameter are usually enough to 
balance the variations of — clastic 
modulus. ‘The equation for tension is 
given, and the difficulty of experi- 


imposed by high power engines. 

Although the temperatures of inlet 
valves are somewhat lower, the new 
alloy has been adopted on them owing 
to its excellent resistance to the abrasive 
action of the products of combustion 
of leaded fuel. 

The better wearing characteristics 
of C.26 result in a very low loss of tappet 
clearance This is an immediate 
economy in terminal maintenance; a 
considerable item when it is remem- 
bered that a large passenger plane has 
192 valves to be checked and readjusted 
when necessary. 

Laboratory, engine and service tests 
have shown the superiority of C.26 alloy 
on aircraft valves and other uses are 
being explored in view of its excellent 
oxidation resistance at all temperatures 


highly resistant to lead oxide and lead 
oxybromide at temperatures up to 
800 deg C. and above this temperature 
it is not safe to run modern highly 
stressed exhaust valves for long periods. 
The alloy is resistant to molten caustic 
soda and has been used in the form of 
cast containers for fluxes containing 
fluorides. 

C.26 is deposited on to I.C. engine 
valves by means of the oxy-acetylene 
torch. A flux may be used if preferred, 
but no intermixing with the base metal 
must take place. Where the iron con- 
tent is not critical the arc welding 
process is used, and casting by normal 
commercial methods does not present 
any difficulties. The alloy has a fine 
structure and fracture and is machinable 
without undue _ difficulty. Some 


C.26 ALLOY 


Melting range 
Density (cast bar 


Mean coefficient of thermal expansion (20-800 deg C 


Thermal conductivity (800 deg C) 
Ultimate tensile strength (aged 
DdegC... 
800 degC .. ss 
Hardness D.P.N. (30 Kgs) 
At 20 deg CAs cast 


At 600 deg C 
At 700 deg C ; ei 
At 800 deg C ‘Ns 


Aged 16 hrs at 700 deg "a 
Aged 16 hrs at 800 deg C 


1,280-1,360 deg C 
7-6 gms_c.c. at 20 deg C 
14:9 to 15-2 10°* deg C 
3:2/3-4& 10 * CHU in ‘sec 


75 to 
) 


60-70 tons/in® 
42-48 tons /in’ 


390 
490-525 
400-440 

420 

395 

350 


Alternating bending test in contact with lead oxybromide 


at 700 deg C 


up to 1,250 deg C. (the drop in pressure 
measured after six hours in a closed 
system containing C.26 and oxygen or 
air at this temperature is negligible). 
Provided that the iron content of the 
alloy is kept below 1-0 per cent, it is 


PISTON RINGS 


mentally determining reliable tension 
values is explained. 

Non self-tightening rings may be 
mechanically formed by hammering 
on the inner side with a_ special 
machine, or thermally formed by 
controlled heat treatment of the ring 
while it is in contact with a precision 
former. Self-tightening rings are cast 
from a pattern that is not truly circular 
in shape. Various stages in the manu- 
facture of both non-round and profile- 
turned types are explained by reference 
to diagrams 

Recommendations concerning rings 
for use on high performance engines 
are: (1) Self-tightening rings, prefer- 
ably of the profile-turned type, are 
more effective because of the variable 
pressure distribution. (2) Chromium 
plated top rings, shouldered rings being 


+ 12-8 tons in? safe stress for 40 x 10° reversals 


properties of the alloy are listed above. 

The hardness figures quoted for 600, 
700 and 800 deg C, are the average of 
five impressions, each of 15 sec loading 
obtained with tungsten carbide using a 
new pyramid for each test. (2046) 


better than rings with the normal 
right-angled cross section. (3) The 
axial width is all-important for engines 
turning at high rotational speeds. Tests 
in which thickness of wall, tension, ring 
cross-section and roughness of the 
working surfaces were kept constant 
and with rings of different axial width, 
revealed the “ critical ring width.” (4) 
By increasing the wall thickness a to 
D/a--20, vibration is made less likely 
because of the higher natural frequency. 
(5) The running-in process is facili- 
tated by as fine a finish as possible of 
the cylinder bore and by a suitable 
degree of roughness of the ring 
surface. Shouldered rings run in more 
easily than normal rings. Heavy duty 
oils are not suitable media for lubrica- 
tion during the running-in period. 
M.I.R.A. Abstract 6190. 
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WELDING DEVELOPMENTS 


{ Review of the Methods Employed for Vauxhall Velox and 
Wyvern Bodies 


HEN Vauxhall Motors Ltd., 
Wisc», decided to introduce 
two new passenger cars, the 

Velox and the Wyvern, there was a 
necessity to develop completely new 
body building equipment. The change- 
over to these new models occurred 
during a period of extensive factory 
reorganization and the opportunity 
was taken completely to reorganize 
the whole of the passenger car body 
building lines. For certain functions, 
techniques which were completely new 
to this country and which, to the best 
of our knowledge, are still peculiar to 
the Vauxhall organization, were adopted. 
The problems to be faced were eased 
by the fact that the body design is 
exactly the same for both models, but 
certain inescapable factors introduced 
production problems of some com- 
plexity. There were two main causes 
for these production problems ; first, 
the need for a balanced production 
correlated with the planned output of 
vehicles; and second, the fact that the 
body building functions had to be 


al 
i 
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installed in existing factory buildings. 
Since some of the techniques that were 
to be introduced were such as to give 
an output much in excess of the 
planned maximum, it became necessary 
to use certain equipment for more than 
one component in order that there 
should be economic machine utilization. 
This, of course, entailed batch produc- 
tion, which in its turn raised the 
problem of work storage. 

As the body building processes had 
to be carried out in existing factory 
buildings, it was impossible to employ 
the ideal lay-out in which the body- 
building lines would be a continuation 
of the press shop. In fact, the body 
building is carried out in a section that 
is separate and at a different level from 
the press shop. Because of this it was 
necessary to plan for relatively lengthy 
transport of materials from the press 
shop to the body building section. This 
phase of production was the subject 
of detailed analysis, concerned not only 
with the actual handling, but also with 
the storage of components that batch 


production necessitated. The complete 
lay-out for both materials handling and 
actual production functions is one of 
which any organization could be proud. 


Press welding 

Certainly the most spectacular inno- 
vation was the introduction of press, or 
Hydromatic, welding, for suitable 
applications; this development for 
fabricating certain sub-assemblies will 
be discussed before the body building 
section is described. There are two 
press welding sections, one for door and 
luggage lid assemblies and the other 
for front and rear underbody, sill panel 
and seat frame assemblies. The first 
of these will be described in some detail. 

Although these notes are primarily 
intended to describe the methods used 
for fabricating major sub-assemblies 
and complete bodies, reference must 
first be made to the manner in which the 
press section and the Hydromatic 
welding sections for doors and luggage 
lids have been integrated. It has been 
possible to install the welding equipment 


The press welding section at Vauxhall Motors Ltd. for doors and luggage trunk lids for Velox and Wyvern cars 
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Top and bottom halves of press welding unit 


immediately adjacent to the presses 
for the major components and there is 
continuous flow production through the 
various press operations and then 
through the welding section until the 
sub-assembly is fabricated and ready 
for transfer to the body building section. 

This Hydromatic welding section is 
used for the production of five different 
sub-assemblies, front and rear near and 
off-side doors and luggage trunk lids. 
Adjacent to the welding section there is 
a line of eight Clearing presses on which 
the main components are produced. 
Analysis has shown that the optimum 
economy of output is obtained by run- 
ning sequentially for two days on each 
sub-assembly. 

A brief description of the press 
sequence for front doors will suffice 
to illustrate the methods employed. 
Outer and lower inner door panels are 
produced in pairs on five presses. Each 
press has two sets of tools mounted on 
a sub-plate. It is possible to assemble 
doors at the rate of 300 per hour and 
to maintain a continuous flow of 
pressings to the welding section it is 
necessary to make effective use of some 
65 per cent of the possible press strokes. 
Press loading and unloading times and 
the time for transfer from one press to 
the next had to be very carefully con- 
sidered if this rate of press utilization 
was to be maintained. Loading is 
effected manually, but ejection is 
automatic and of such a character that 
the work is ejected direct on to a 
mobile power band or slat conveyor 
for transfer to the loading station for 
the next press in the line. 

The press sequence for the outer and 
lower inner panels for a front door is 
that at the first press the panels are 
drawn to form ; at the second they are 
trimmed; at the third the outside 
flange and the flange of the window 
opening are formed on the outer panel 
while the inner lower panel is restruck; 


at the fourth, the push button hole in 
the outer panel and holes in the side 
walls of the lower inner panel are 
pierced and the window opening 
flange in this panel is formed ; at the 
fifth and final press operation the 
window opening rebate of the outer 
panel is formed while several holes are 
pierced in the lower inner panel. 
Various means of automatic ejection 
are employed on these five presses. 
For example two Sahlin iron hands are 
fitted to the first press in the line. As 
the press opens tHese devices come 
into action to grip and lift the panels 
by means of pneumatically-operated 
fingers. As the upward stroke of the 
press continues, the iron hands swing 
out and at the appropriate point the 
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fingers release and the panels drop on 
to the power conveyor. 

Other presses have different types of 
ejectors. One method is to have 
slide rails which rest below the die 
face during the working stroke, but 
as the press opens the rails are raised 
by a small air cylinder to form a ramp 
down which the panel slides to the 
conveyor. The rails lift the panel 
clear of the die, and at the top position 
trip a valve to actuate an air cylinder 
that starts the panel to move down the 
ramp. In other cases the ejection device 
within the die has composition rollers 
that rise to become in effect a short 
gravity roller conveyor for carrying the 
component from the press to the 
inter-press conveyor. 

From the fifth press, the outer and 
lower inner panels pass to the press weld 
section by different routes. The lower 
panel passes through the press on to a 
conveyor that takes it to the first press 
welding machine. Meanwhile, upper 
inner panels are produced on the three 
remaining presses in the press line with 
work flow in the opposite direction so 
that upper and lower inner panels come 
together at the end of the press 
operations. 

Although only three presses are used 
for producing the upper inner panel, 
there are five operations. This is 
effected by having two sets of tools on a 
sub-plate in each of two presses. 
At each of these presses the work is, 
of course, first loaded into one set of 
tools and then transferred to the other 
set for the next stroke. The press 
sequence is :—blank and pierce from 
sheet in the first press ; form embos- 
sings at the first stroke of the second 
press then transfer to the other tool for 
trimming the sides and piercing holes ; 
at the third press the flanges are formed 
in the first tool and restruck to correct 
shape in the second. 


Loading the welding unit into the press 
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Press welding machines 

There are eight press welding 
machines in the section for doors and 
luggage trunk lids. They are of two 
types, one a 30-ton four-pillar type 
known as the EP8, and the other an 
open-face type known as the EP24. 
They differ considerably in size, 
construction and welding capacity, but 
generally employ the same principles, 
and therefore only the EP8 type will be 
described in detail. 

The framework of the EP8 machine 
is a British Clearing press supplied by 
the Rockwell Machine Tool Co. Ltd., 
to Vauxhall design. ‘Essentially, the 
structure comprises a fabricated steel 
crown supported on four hollow 
pillars ; each pillar has machined faces 
on the lower part to form ways for the 
up-stroking table. A 10 h.p. motor 
mounted on the machine crown supplies 
the power to a two-throw crankshaft 
through an air-operated plate clutch 
controlled by a solenoid. Rotation of 
the crankshaft imparts an oscillating 
motion to countershafts on either side 
of the crown, and through a system of 
levers the oscillating motion effects 
the vertical motion of the table. There 
is a regular pattern of holes in the 
crown face and the moving table for 
attaching the upper and lower halves 
of the welding fixture to the machine. 

For supplying pressure to the welding 
guns, the machine has a self-contained 
hydraulic unit. Except for a group of 
cam switches that are operated by the 
main driving shaft, all the controls are 
housed in a steel cubicle at the side of 
the machine. These controls include 


Set-up for welding the hinge reinforcements tothe door inner panel 
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an auto-transformer 
heat control 
switches, Ignitron 
contactors and a 
welding timer for 
operating the weld- 
ing sequence. Pro- 
vision is also made 
for independent 
control of the vari- 
ous machine func- 
tions. 

Essentially, the 
fixtures used in a 
welding press are 
comprised of upper 
electrodes attached 
to the crown of 
the press and lower 
electrodes mounted 
on the table. The 
upper half of the 
fixture has a fabri- 
cated steel frame- 
work on which are 
mounted the  hy- 
draulic cylinders 
that provide the 
welding pressure, 
the transformers for 
supplying the weld- 
ing current, an oil 
manifold for sup- 
plying oil under pressure to the 
welding cylinders and a water mani- 
fold for supplying cooling water 
to the electrode tips and the trans- 
former secondaries. The lower half 
of the fixture has a main base for 
carrying the backing electrodes and 
locations for holding the components in 
correct relationship during the welding 
operation. 

The welding guns 
are of Vauxhall de- 
sign and manufac- 
ture. Each gun is 
an individual unit 
comprising a 
double-action hy- 
draulic cylinder 
with an electrode 
holder and tip at- 
tached to the piston 
rod. Protective in- 
sulation prevents 
shorting between 
guns in close proxi- 
mity to each other. 
Two sizes of hy- 
draulic cylinder, 1} 
in and Ijin dia- 
meter bore, are 
used. The larger 
size is used for 
welding the heavier 
gauge materials or 
to provide the 
greater pressure 
needed for direct 
welding. As far as 
possible welding is 
carried out with the 
electrodes vertically 
disposed, or only 
at a small angle from 
the vertical. This 
disposition of elec- 
trodes is desirable 


The control panel on a press welding machine 


but not always possible. Where it 

is necessary to make welds in a plane 

at right angles to the table surface, 
pincer guns are used. 

Three spot-welding techniques are 
employed. The most widely used is 
series welding in which two electrode 
tips on one side of the work are con- 
nected in series and the current is 
shunted across a backing electrode on 
the other side of the work. This uses 
a little higher current than is needed 
for simple spot welding, but two spot 
welds are made, one under each tip. 
Where it is important to avoid weld 
marks, indirect-series welding is em- 
ployed. For this, backing electrodes 
insulated from each other are used 
beneath each electrode tip, and the 
current is shunted through the work 
instead of through the backing electrode. 
When welds are to be made near to the 
edge of a panel of heavier gauge 
material, direct welding is used. This 
effects only one spot weld since the 
current is returned from the backing 
electrode through a knife switch that 
connects the top and bottom halves 
of the fixture when they are closed 
together. 

The cycle sequence 
welding machine is :— 
(1) Depression of a push button 

energizes the motor control circuit 

and the table is raised to the 
welding position. 

2) When the table reaches the welding 
position, the hydraulic controls 
are actuated and welding pressure 
is applied to the welding guns. 

(3) Immediately the welding pressure 
is established the welding timer 
fires the Ignitron contactors in 
progressive sequence. 

When the last contactor has fired, 


for a press 





S21jquiasse 4COP paiajdwo? 410} aunixy adueIdadIy ssaid Zuiwweay ay2 Oru! Buissed Ajqwasse 100g 


JUNE 1953 


iR 


E 


_ 
4 


ENGINE 


=_ 

% 
Snel 
ane 
= 
— 
= 
_ 
_ 
— 
—_ 
<— 


Mies 





JUNE 1953 








AUTOMOBILE 
ENGINEER 


Set-up for welding front underbody floor panel to tunnel 


reinforcement 


hydraulic controls release the 
pressure from the welding guns 
and the electrodes are retracted. 

(5) The table is then lowered to the 
open position and the work is 
ejected from the press. 

The upper and lower halves of the 
welding fixture are independent units 
and it is essential that they are correctly 
aligned in relation to each other when 
in the press. For this reason set-up 
posts are incorporated in the fixture 
design. EP8 type fixtures have four 
posts and EP24 fixtures two posts. 
These set-up posts afford a convenient 
means of keeping the halves together 
when a fixture is being handled or 
stored. 

One of the most important factors 
leading to the decision to install these 
expensive press welding machines was 
that the quality of the welds could be 
much higher than could be obtained by 
more conventional methods. To main- 
tain this quality it is essential that the 
electrodes are always in good condition. 
Special portable pneumatic tools are 
used to dress the electrode tips at 
definite intervals. They are adapted 
right-angle nut runners that can be 
connected to the air supply on the press. 
A specially designed cutter is fitted in 
the tool, and the electrodes can be 
dressed without being removed from 
the press. A backing electrode consists 
of a water-cooled base to which replace- 
able blocks of the appropriate form are 
attached. These can readily be ad- 
justed to compensate for wear. 


As the planned 
production for this 
section calls for 
consecutive runs of 
two days each on 
the five assemblies, 
provision has been 
made to allow ac- 
curate change-over 
to be made as 
quickly as possible. 
To begin with the 
set-up posts allow 
the top and bottom 
halves of the fixture 
to be handled as 
a single unit. This 
unit is usually lifted 
into position by a 
5-ton Baker fork- 
lift truck. Rollers 
on top of the fixture 
and runways on the 
press platen allow 
the fixture to be 
slid into position. 
The necessary oil 
and water connec- 
tions are made by 
means of Lockheed 
quick-release 
couplings and there 
is a terminal box 
for electrical con- 
nections. 


Door fabrication 
As was stated 
earlier, the main 


Welding the end 


i ed 
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press weld section 


A press weld machine during the welding cycle on a 
front underbody 





plates to the front seat base in the underbody 


Carrying out addition portable gur 


components for the door assembly, 
the outer panel and the upper and 
lower inner panels are produced on 
presses immediately adjacent to the 
press-welding section to which they 
are conveyed on mobile power con- 
veyors. Other subsidiary components 
are produced in another section of 
the press shop and are trucked to the 
press-weld section in stillages. 

The first press welding operations 
are carried out on the upper and lower 
inner panels. To begin with the inner 
upper panel is placed in the lower 
welding fixture together with an upper 
corner patch and a hinge reinforcement. 
Meanwhile a window buffer bracket is 
fitted to the inner lower panel while 
it is being transferred on a mobile 
power conveyor from the final press 
operation to the first press welder. 
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This bracket is self-locating. At this 
first welding operation 21 spot welds 
are made 

When the first welding operation is 
completed the assembly is ejected from 
the fixture by an air-operated ram and 
pushed on to the conveyor for transfer 
to the next machine. At the second 
machine, an EP24, 14 spot welds are 
made to seal the hinge assembly. 
The inner panel assembly is completed 
at the third machine. On this machine 
26 welds are made, some for welding 
in the pocket panel and others as 
strengthening welds for the flange. 
At this stage the inner panel assembly 
is ready for fabrication to the outer 
panel assembly. 

After the final press operation on the 
outer panel two welding operations are 
carried out before the panel reaches 
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welding on the final conveyor for front and rear underbodies 


the press welding line. These operations 
are carried out individually because 
the welds are in positions that could not 
conveniently be reached on a press- 
welding machine. At the first a 
spacer is welded in by means of a 
portable welding gun at a station beside 
the press line ; at the second the door 
handle reinforcement is welded in on 
a 300 kVA projection welder. After 
the outer panel leaves the projection 
welder and before it reaches the 
assembly line, a Bostick deadener pad 
is rolled on the inner face. 

The outer and inner panels meet at 
a clinching fixture. This fixture is 
pneumatically operated and electrically 
controlled. The outer panel is first 
located in the fixture, and the inner 
panel assembly is fitted into it so that 
the outer panel can be lightly clinched 


Special Vauxhall portable welding guns. The electrode holders in the gun on the right can be swivelled through a complete circle 
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over the inner panel flange to hold the 
two panels together until they are welded. 

From the clinching fixture the assem- 
bly is conveyed to an EP8 press welder 
where welding is effected round the 
flanges and the window aperture. 
From this machine the assembly is 
ejected on to a conveyor for transfer 
to a hemming press. Suspended above 
this conveyor is a portable spot welding 
gun for welding the door panel spacer 
to the inner panel at five spots. A 
conveniently placed floor switch allows 
the operator to stop the conveyor travel 
while the welding is carried out. 

The door hem is turned and flattened 
in the hemming press. An air- 
operated roller ejector, with composi- 
tion rollers to prevent damage to the 
surface of the door, is incorporated in 
the hemming die. After the door 
leaves the hemming press, the assernbly 
is completed on a welding press that is 
tooled to weld the hem in 32 places. 
Complete door assemblies are hung in 
pairs on an overhead coriveyor for 
transfer to a storage area and subsequent 
issue to the body building section. 

Press welding can be carried out 
efficiently only if the press work is 
carried out to a high standard of 
accuracy, since the output can be 
maintained only if the various pressings 
can easily be located in the fixtures 
and as easily removed when welding is 
completed. It is also important that the 
finished sub-assembly should be accu- 
rate in order that the output can be main- 
tained. in the body building section. 
To ensure that this accuracy is main- 
tained, sub-assemblies are periodically 
checked in an acceptance fixture. 

So far as the quality of the work is 
concerned, press welding is undoubtedly 
far superior to the more conventional 
methods. It also has considerable 
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Front end assembly conveyor track 


economic advantages. For example, 
to maintain a supply of doors to meet 
an output of 300 cars a day, the methods 
previously used called for 54 operators 
and an assembly area of 9,320 square 
feet. For fabrication by press welding 
the assembly area occupies only 3,640 
square feet and 24 operators are 
capable of producing 300 doors per hour. 
There is also a further economy in that 
because of the better quality and 
greater consistency of the welds, 


metal finishing operations to remove 
welding blemishes from panel faces 
have virtually been eliminated. 

Press welding is also carried out in 
the fabrication of front and rear under- 
bodies, sill panel assemblies and seat 
frame assemblies. All these assemblies 
are produced in one section. The 
press-weld machines are of the same 
types as those already described. 
In this section, however, all the press 
weld machines are inter-connected in 


Front end assembly fixture for Velox and Wyvern bodies 
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such a manner that not more than one 
machine can be fired at a time. The 
reason for this is that the current 
demands for certain machines are so 
high that if two or more were fired at 
once, there would be a severe voltage 
drop with a consequential detrimental 
effect on the efficiency of the welding. 
For technical reasons it is not 
practical to complete the fabrication of, 
say, a front underbody on the press 
welding machines. Therefore, when 
the underbody leaves the final press 
welder it is pushed along rails on to a 


raised conveyor above which portable 
welding guns are suspended for use in 
positions that could not be reached 
satisfactorily on a press welding machine 
or for making additional spot welds 
where the specified pitch of the welds 
is too close to allow all the welds to 


be made on the machine. Complete 
front and rear underbodies are delivered 
separately, but in pairs, to the body 
building section. 


The body building section 

The body building department may 
be regarded as consisting of five 
sections, namely :— 
(1) Front end sub-assembly section. 
(2) Front end assembly section. 
(3) Rear end sub-assembly section. 
(4) Rearend and roof assembly section. 
(5) Final assembly section. 
Each sub-assembly section is conveni- 
ently situated in relation to the section 
which it is to feed so that work transport 
is kept to a minimum. In general, 
the sub-assemblies are welded on 
static machines by conventional 
methods that do not call for comment. 

Each front end assembly is fabricated 
on a single fixture. In all there are 
15 fixtures each mounted on a bogie 
that is carried round an enclosed loop 
floor conveyor. Welding guns of the 
appropriate types for each of the 
welding operations carried out during 
the circuit round the track are suspended 
above and to one side of the conveyor. 
Incidentally, the welding guns in this 


and all other welding sections are of 
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A completed underbody 


Vauxhall design and make. This 
practice has obvious advantages. Every 
gun is specifically designed for the 
operation on which it is to be used and 
consequently optimum _ operational 
efficiency is obtained. Furthermore, 
the maximum degree of standardization 
in equipment has been achieved with 
the result that maintenance is simplified 
and any necessary repairs or replace- 
ments can be effected easily. 

The layout is so planned that a defin- 
ite assembly _ se- 
quence must be fol- 
lowed, and to suit 
this the various 
component sub- 
assemblies for the 
front end assembly 
are delivered as 
conveniently as 
possible to the loca- 
tions at which they 
will be required. 
Substantially, the 
front end assembly 
sequence is :-— 

(1) Locate dash 
panels in fixture. 

) Assemble de- 

mister air duct 
to top dash 
panel. 

Locate dash side 
panels and front 
pillar assemblies. 

) Locate _ scuttle 

panel in fixture. 
Locate instru- 
ment panel rai! 
assembly. 

) Fit upper dash 

side panel. 
Fit wind-screen 
top rail. 

As can be seen 
from the illustra- 
tion of one of the 
front assembly fix- 
tures, particular 
care has been exer- 
cised in the design 
to allow easy access 





to all the points to be welded. It will 
also be noted that toggle clamps are 
widely used to allow the work to be 
fastened securely in the fixture with a 
minimum of effort and time. Consider- 
able use is made of location holes, 
pierced during the press operations. 
Although by far the greatest amount 
of welding on the front assembly is 
carried out by means of portable guns, 
provision is also made for gas welding 
where exposed joints need to be filled. 


A portable seam welder in use 





At the completion of the fabrication, 
the assembled front end is removed 
from the fixture for transfer to the main 
body building where it and the roof and 
rear quarters assembly will be mounted 
on the underbody ready for the fabrica- 
tion of the complete body shell. 

Assembly of the roof and rear quarter 
is carried out in a series of static 
fixtures. The complete assembly is 
effected in four fixtures. In one fixture 
the cant rail roof band and rear diagonal 
member are welded together, while 
at the same time the roof panel is 
welded to the rear quarters sub-assem- 
bly in a second fixture. These two 
assemblies are then mounted in a 
third fixture and welded together. 
For the final operation, the work is 
transferred to a fourth fixture where 
the centre pillar and sills are welded in. 
This fixture is designed to ensure that 
the correct pillar position is maintained. 
There are eight fixtures in all to 
produce the required output, three 
fixtures for each part assembly, but 
only two final assembly fixtures. This 
gives a balanced output since the 
operators at the two final fixtures can 
cope with the production from the 
other fixtures. 

There are many interesting features 
in the layout and equipment for the 
roof and rear quarters assembly section. 
To begin with there is the clever 
design of the various fixtures. As 
on the front assembly fixtures, great 
use is made of toggle clamps to allow 


the work to be quickly secured in 


position. Hydraulic clamping is also 
used in certain positions. In every 
case, the design is such as to give 
maximum convenience for the welding 
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operator. Great care has also been 
taken to ensure that the welding shall 
cause a minimum of distortion so that 
the work can be removed from the 
fixture without difficulty. It is almost 


needless to say that a high degree of 


accuracy in the work as delivered from 
the press department and also in the 
sub-assemblies is absolutely essential 
to the efficient use of these, and indeed 
of all the other fixtures in the body 
building section. 

Some of the welding equipment that 
has been specially designed for use on 
the roof and rear quarters assembly 
calls for brief comment. Probably 
the most interesting item of equipment 
is a portable seam welder used in 
welding the roof channel to the roof 
panel side. To the best of our know- 
ledge, Vauxhall Motors Ltd. is the only 
organization to develop a fully success- 
ful portable seam welder. The 
advantages of such a tool too 
obvious to need stressing. 

Considerable use is also made in this 
section of welding guns that are 
mounted in a ring frame in such a 
manner that the electrode holders can 
be swivelled through 360 deg. This 
type of gun, of which an illustration is 
given, is particularly useful for welding 
round window apertures since it allows 
the best and most convenient position 
to be maintained for every spot weld. 

Mention may also be made of the heavy 
shields that are incorporated in the 
fixtures at the points where gas welding 
is to be carried out. One of these 
shields can be seen in the illustration 
of the roof panel to rear quarters 
fixture. The purpose of the shield is 
to retain the heat in the welding area. 


are 


The main fixture for the body shell 
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There are two reasons for this : first, 
it helps to ensure a sound weld ; second, 
it minimizes the area affected by the 
heat of the torch. The shield shown in 
the illustration is hydraulically swivelled 
on to and away from the work. In 
the oné position it forms a very effective 
clamp. 

The final assembly of the body shell 
is carried out on a closed circuit 
conveyor. Front and rear underbody 
assemblies are delivered by conveyor 
from the press weld section. On 
reaching the body building section 
they are mounted on a bogie fixture on 
a closed circuit conveyor. These 
assemblies are welded together and 
certain minor items are gun welded on 
while the work passes along the first 
run of the conveyor towards the main 
body welding fixture. At the appro- 
priate point the bogie, and with it the 
underbody, leaves the conveyor and the 
front assembly and the roof and rear 
quarters assembly are mounted on the 
underbody. The part assembled shell 
is then pushed into one of three main 
body building fixtures. These, as 
with other welding fixtures, have been 
designed to allow easy loading, accurate 
and secure location, easy access to the 
welding positions and rapid withdrawal 
of the welded shell from the fixture. 

When the shell is welded, the bogie 
and with it the shell, is pushed out 
from the other end of the fixture back 
on to the conveyor. During the circuit 
this conveyor runs at varying heights 
so that it is always at the most con- 
venient height for the operation that is 
to be carried out. All the necessary 
gun or gas welding equipment is 
mounted at appropriate points round 
the conveyor circuit. At the end of the 
circuit the body shell is lifted from the 
bogie by an electric hoist and transferred 
to another bogie on the metal finishing 
and door hanging conveyor line. The 
shell bogie is then reloaded and 
starts on the circuit again. 

The operations carried out on the 
body shell during its passage down the 
metal finishing line do not call for 
detailed comment. It may, however, 
be pointed out that the solder paint 
method of tinning is employed for 
filling all gas weld joints. This method 
gives remarkably good adhesion and 
has the added advantage that the 
solder has only a low tin content and is 
therefore economical. Furthermore, 
the surface produced is one that 
requires very little filing. Perhaps 
the outstanding feature of this line 
is the relatively small amount of metal 
finishing that is necessary. In the 
main this may be ascribed to three 
factors :— 

The production of press work that 
is free from surface blemishes. 
The care taken during both inter- 
and intra-department handling. 
The care taken to avoid damage 
during the sub-assembly and 
assembly operations. 

There is not a great deal of welding 
carried out on the metal finishing and 
door hanging line, but in at least two 
cases spot welds have to be made in 





positions that with ordinary gun welding 
would leave an exposed welding mark 
that would have to be removed. To 
avoid damaging the exposed surface, a 
poker gun is used instead of the normal 
pincer gun. The circuit for poker 
welding is completed by a copper strip 
remote from the exposed surface. At 
the end of the metal finishing line, the 
body shell, complete with doors and 
luggage trunk lid, is lifted from the 
bogie and transferred to an overhead 
conveyor for transport to the painting 
department. The bogie then continues 
along the conveyor to the start of the 
metal finishing line. 

The methods and equipment used 
for producing Velox and Wyvern 
bodies are outstanding examples of the 
great improvements that have been 
made in the British automobile industry 
during recent years. In connection 
with press welding, Vauxhall Motors 
Ltd. had the advantage of being able 
to draw upon the experience of the 


HE 1953 edition of the Trader 

Handbook provides nearly 500 
pages of essential information for 
manufacturers, trade suppliers and 
repairers of motor, motor cycle and 
cycle goods. All the contents have been 
checked and brought up-to-date. The 
practical and comprehensive treatment 
of every aspect of these industries pro- 
vides useful information for the daily 
problems of buying, selling and servic- 
ing. There is no doubt that this hand- 
book will also prove of very great value 
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A sanding booth in the metal finishing line 


General Motors Corporation, but the 
actual development of the machines 
was the responsibility of the Vauxhall 
engineers, who had to consider problems 
that are not encountered in America. 
For example, the need to employ 
batch production in the section for 
doors and luggage trunk lids, meant 
that considerable thought had to be 
given to the question of loading 
the welding units into the presses. 
This problem was successfully solved 
and the change-over can be made 
during the normal day-shift without 
the press weld section falling behind 
the press section. 

Of other production equipment the 
outstanding items are the welding guns 
and the welding fixtures which are 
completely designed and manufactured 
by Vauxhall Motors Ltd. As was 
stated earlier, every gun is specifically 
designed for a specific purpose. 

The lay-out of each section is 
remarkably efficient, particularly when 





to overseas firms seeking contact with 
British suppliers. 

A new feature of interest to the 
motor vehicle service engineer is a table 
of “front end” service data that gives 
castor angles, camber angles, king pin 
inclinations and toe-in for various 
makes of vehicles. 

Specification details in the technical 
section include data on private cars, 
goods vehicles, buses and _ coaches, 
battery electric vehicles, agricultural 
tractors, three-wheelers, motor cycles 


it is remembered that the various 
sections described in these notes had 
to be installed in existing factory 
buildings. Without any doubt the 
most spectacular development is the 
integration of the press section and the 
press-weld section for the production 
of doors and luggage trunk lids, but 
this layout should not be allowed to 
overshadow the neat and compact 
arrangements for front assemblies, roof 
and rear quarters assemblies and final 
assembly in the body building section. 
Finally, mention must be made of the 
work of the materials handling division. 
Pressings and sub-assemblies in a 
wide variety of shapes and sizes had to 
be transported over relatively long 
distances, and many of the parts were 
susceptible to damage. The system in 
use was adopted only after a compre- 
hensive analysis of all the factors, 
including the effects on final cost, which 
after all, must take precedence of all 
other factors except work quality. 


TRADER HANDBOOK 


and auxiliary engines for pedal cycles. 
In this section the specifications for 
more than 800 vehicles are analysed 
and set out in conventional form. In 
the Buyer’s Guide section the space 
given to suppliers of motor vehicle 
spare parts has been greatly enlarged 
to include a great amount of additional 
information. 

This indispensable Handbook is 
published by the Trader Publishing 
Co., Ltd., Dorset House, Stamford St., 
London, S.E.1. It is priced at 12s. 6d. 
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METALLURGICAL RESEARCH 


Some of the Work of the British Non-Ferrous 
Metals Research Association 


LTHOUGH the greater part of 
the metal used in motor vehicle 
construction is steel, there is 

nevertheless an appreciable amount of 

non-ferrous metals in each vehicle. 

Therefore, research leading to improve- 

ment in this class of metals is of 

concern to the industry. Reliance is 
generally placed on material suppliers 
to provide metals to suit the require- 
ments of the motor industry. However, 
it is still the responsibility of the motor 
manufacturers to ensure that these 
materials come up to the required 
standard in every respect. Part of the 
work of The British Non-Ferrous 

Metals Research Association is con- 

cerned with the development of better 

methods of material control. 


Chromium plating 

The quality of chromium plating 
used on motor cars produced both in 
this country and abread has been the 
subject of much criticism in the post- 
war period. The reason why the 
plating on products manufactured 
during this period is not so durable as 
that produced earlier may well be that 
the processes used for the production 
of bright nickel deposits produce 
results which are less resistant to 
service conditions than those obtained 
from the older types of plating bath 
There are a number of processes tor 
bright nickel plating, most of them of 
a proprietary nature. These processes 
are all relatively new and experience 1s 
showing that the deposits produced 
from them may fail prematurely in 
service, although they conform to the 
existing specifications and will pass the 
corresponding tests. One ef the aims 
of the Laboratories is to investigate 
these problems so that better inspec- 
tion procedures can be formulated for 
quality control of chromium _ plated 
parts. 

The 


disadvantage of the older 


Fig. 1. 


In the electrolytic process for plating aluminium 
before stoving is poor, as may be seen on the left, but it 
tory when the component has been stoved as on the right 


method that they give a matt finish 
to the nickel plating. In production it 
is therefore necessary to remove the 
components from the plating line for 
polishing, and then return them to the 
line for their final chromium plate. 
This additional operation is not neces- 
sary with bright nickel plating. The 
wide application of the bright plating 
process is mainly a post-war develop- 
ment. Bright deposits are obtained by 
adding to the nickel sulphate bath 
certain proprietary organic substances 
in relatively small quantities. The 
effect of these small additions is to 
alter the structure of the deposit in 
ways which are not yet fully under- 
stood. Consequently it is not at present 
known why these deposits are not so 
satisfactory as ordinary matt ones, but 
it is possible that a certain amount of 

introduced by the inclusion 
iting of some of the additives. 
nickel was in_ very. short 
supply, a considerable amount of work 
was done to find substitutes. Over a 
thousand samples were exposed in a 
number of different atmospheres, 
including those to be found in coastal 
and industrial areas. An_ entirely 
satisfactory substitute for nickel has 
not yet been found, but the tests are 
still being continued in case the 
shortage should again become more 
acute. One of the results of this work 
was that defects were discovered in 
types of nickel plating and 
useful new information emerged con- 
cerning the influence of deposit 
thickn Copper may be substituted 
for a certain proportion of the nickel 
plate 

It is well known that the quality of 
the finished product depends largely 
on the thickness of the nickel plating 
and that chromium is applied only to 
prevent the tarnishing of the nickel. 
Thick deposits of chromium would 
underlying metal if they 


porosity 
in the c 


Ww hen 


certain 


protect the 


adhesion 
s satisfac- 


were continuous, and the nickel could 
be dispensed with, but they cannot be 
used in this way because they crack or 
plate dull. An investigation is in hand 
on this subject. In nickel plating, 
faulty operation of the plating bath can 
lead to particles of various kinds 
becoming suspended in the electrolyte 
and being deposited on the plate, to 
give a rough finish. When tanks lined 
with certain mixes of rubber are 
employed, the electrolyte may also be 
contaminated by some of the con- 
stituents of the rubber. 

Probably the only sound method of 
investigating the cause of defects in 
bright nickel deposits is to set up a 
pilot production line in the Laboratory 
and operate it at capacity for some 
time. By using such a pilot plant, in 
which strict control can be maintained 
over all the variable factors, much more 
reliable estimates of the causes of 
defects may be made than is possible 
either in full scale production plants, 
which are not equipped for accurate 
control of variables, or in the Labora- 
tory under conditions which must in 
many respects differ widely from those 
obtained in practice. 

Apart from visual inspection, the 
tests currently in use for checking the 
quality of nickel/chrome plate fall into 
two categories. Both involve the 
destruction of the plating or the com- 
ponent and can therefore be applied 
only to a small fraction of the total 
output of components. In the first of 
these categories are tests for thickness 
of deposit, and in the second, acceler- 
ated performance tests under specified 
corrosive conditions. The most widely 
used thickness test is the well-known 
B.N.F. Jet Test in which a jet of 
appropriate corrosive solution is 
directed against the plated surface and 
the time taken to penetrate the coating 
in question is noted. The thickness is 
then read from a calibration chart. The 


Fig. 2. Samples of aluminium plated by the process developed 


by the B.N.F. Laboratory. 
grade aluminium; right, aluminium with a copper rivet in the centre 


Left, D.T.D.424 welded to commercial 
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standard method of accelerated perfor- 
mance test is to spray the article, either 
intermittently or continuously, with 
salt solution for a period of 96 hours. 
The results obtained are, however, very 
difficult to interpret reliably, and 
efforts are being made, based on the 
experience gained from the atmos- 
pheric exposures, to find a_ better 
acceptance test. 

In applying the jet test to dull nickel 
plating, a linear relationship between 
the time of penetration and the plating 
thickness holds good, but with bright 
nickel the linear relationship does not 
apply. However, investigations have 
been carried out recently on_ this 
subject and a suitable conversion 
factor, which varies with the thickness 
of the plating, has been obtained and 
reliable results can now be obtained 
when using the jet method for testing 
bright nickel plating. 


Chromium plating on aluminium 

Hitherto two methods have been 
used for chromium plating on alu- 
minium. In both methods the first step 
is to degrease the component. Then 
the operations are as folllows: In the 
zincate immersion process, the com- 
ponent is pickled in a_ nitric hydro- 
fluoric acid bath. Zinc plating is then 
applied by the immersion process, and 
is followed by copper plating and then 
by nickel plating. Between each process 
the component is, of course, rinsed. 
Finally it 1s polished and then 
chromium plated. 

In the electrolytic process, the com- 
ponent is first given a cathodic clean, 
and then an acid dip followed by 
another cathodic clean. It is next given 
a zinc plate by the electrolytic flash 
method, followed by a brass plate and 
then a nickel plate. Again, a rinse is 
given between each of these stages. 
Finally, it is stoved and polished, and 
then chromium plated. Two samples 
of nickel plated aluminium sheet are 
shown in Fig. 1. The lower corners 
have been broken off each sample to 
test the plating. The first sample was 


Fig. 4. Zinc plating after 10 sec of the 
electrolytic flash process. Coverage is not 
very good 
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tested in this way before stoving, and 
the plating was easily peeled off. In 
the second sample, which was tested 
after stoving, scratch marks may be 
seen at the broken edges where 
unsuccessful attempts have been made 
to lift off the plating. 

Both plating methods have their 
disadvantages. With regard to the 
zinc plating cperations, the immersion 
process gives a thick film of zinc which 
is thought, in some quarters, to be 
spongy and to result in poor resistance 
against corrosion and — subsequent 
failure of the plating. Moreover, it is 
impossible to plate satisfactorily com- 
ponents made up from different alloys 
of aluminium, or held together with 
copper rivets and bolts. On the other 
hand, the electrolytic flash method 
gives a thin, incomplete zinc coating 
which again cannot be regarded as 
being entirely adequate. 

The Laboratories have developed on 
a pilot scale a new method which 
combines the good features of the 
other two, and which may be used in 


Fig. 3. The etched surface of aluminium 
magnified approximately 12,000 times hori- 
zontally and 1,200 times vertically 


Fig. 5. Although the plating obtained by 
the Zincate immersion process is thick, it 
is not even 


conjunction with bright nickel plating 
to eliminate the polishing operation. 
This process is as follows: After being 
degreased and given a cathodic clean, 
the component is acid dipped and again 
cathodically cleaned. Next it is given 
an immersion zinc plating, which is 
then stripped off in a nitric acid bath. 
This activates the aluminium surface 
so that a more uniform deposit may be 
obtained in the next stage, which is 
zine plating by the electrolytic flash 
method. 

After this, the component is_ brass 
plated and one of the two following 
procedures may be adopted. Either it 
is nickel plated, polished and chromium 
plated, or it is bright nickel plated and 
chromium plated. As_ before, each 
stage in the plating process is followed 
by a rinse. In Fig. 2 may be seen two 
test pieces, one made up of a strip of 
D.T.D. 424 welded to commercial 
grade aluminium, and the other is a 
piece of aluminium with a copper rivet 
in the centre. In both these samples 
the plating adhesion is strong. 


The electron microscope 


One of the instruments used in 
research on plating as well as in other 
work is the electron microscope. There 
is a limit beyond which the lens of an 
ordinary microscope cannot resolve the 
structure of any object. However, if 
a beam of electrons is used instead of 
light, the resolving power is much 
greater because the wavelength of an 
electronic beam is about 100,000 times 
shorter than that of light. Unfor- 
tunately, because smaller lens apertures 
must be used, the resolving power is 
only about 100 times that obtained 
with light. However, this is still a 
marked improvement. Electron beams 
have a similar effect as light on a 
photographic plate, and they may be 
used to illuminate a fluorescent screen. 

There are two methods of using an 
electron beam to photograph plating 
or other surface characteristics. One is 
to apply to the surface a weak solution 
of collodion, or any other suitable 


Fig. 6. An even and continuous deposit is 
obtained with the new process developed 
by the B.N.F, Laboratories 





plastic, and then when it is 
dry, to remove the thin film 
of plastic and shine the 
electron beam directly 
through #. The electrons 
are scattered in proportion 
to the thickness of the film 
at each point so that a 
picture of the surface will 
be reproduced on a photo- 
graphic plate positioned on 
the side of the film opposite 
to the electron beam pro- 
yector. 

Since the film will be 
thinnest where high points 
occur on the surface under 
examination, a greater 
proportion of the electrons 
will pass through at 
those points. Thus, on 
the photographic positive they will 
appear lighter than the low points. 
The contrasts outline the structure of the 
surface from which the plastic copy was 
taken, and it therefore appears much as 
it would have done had it been 
examined with a light microscope, but 
the details are much clearer. 

The second technique adopted in 
using the electron microscope is one 
involving photographing the actual 
surface illuminated by an electron beam 
instead of light. Because of the low 
penetrative power of electrons and the 
fact that they are absorbed by what 
they strike, there would be little or no 
reflection of a beam directed normally 
on to the surface, and under these con- 
ditions photography is impossible. 
However, if the beam is directed at an 
acute angle to the surface, reflection 
does occur, and the reflected beam may 
be used for photographic purposes. In 
this case, electrons striking peaks on 
the surface are either absorbed or 
scattered, so that the peaks are illumin- 
ated on one side, and a long shadow 
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Fig. 8. The spectrographic spark stand of the Production Control 


Quantometer 


is thrown on the other side. This gives 
an effect similar to that obtained, on a 
much larger scale, by the sun setting 
over mountainous country. 

Illustrated in Figs. 3, 4, 5 and 6 are 
some photographs takes with the elec- 
microscope by this’ reflection 
method The photographs show the 
differences between the three methods 
of zinc plating which may be used, as 
already described, in preparation for 
chromium plating on aluminium. Fig. 3 
shows the etched surface before plating, 
and Fig. 4 shows the zinc particles 
deposited on the surface after 10 
seconds of the electrolytic flash method 
of plating; the appearance is not much 
changed when the process is complete 
after 10 seconds. Fig. 5 illustrates the 
completed plating obtained after three 
minut of the zincate immersion 
process, and Fig. 6 shows the deposit 
obtained by the new process developed 
by the Laboratories. It is easy to see 
that the new method gives a much 
more even and continuous zinc deposit 
than the other two. 


tron 
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The Production Control 
Quantometer 

The Production Control 
Quantometer, Fig. 7, is a 
fairly new instrument which 
has been developed and is at 
present being manufactured 
by the Applied Research 
Laboratories, Glendale, Cali- 
fornia. It is a high speed 
spectrograph and the one in 
use at The British Non- 
Ferrous Metals Research 
Association’s Laboratory is 
set up primarily for the 
analysis of copper and its 
alloys. However, it can also 
be supplied set up for carry- 
ing out analyses of steel or 
aluminium alloys. Certain 
Continental and United 
States motor manufacturers are making 
use of this type of instrument for 
quality control of materials. 

The principle of the Quantometer is 
as follows: Electrodes made from the 
material to be analyzed are set up in 
a conventional spectrographic spark 
stand, Fig. 8. Light from the electric 
discharge falls on a concave diffraction 
grating ruled with 24,400 lines/in. The 
diffracted beams of the spectrum so 
produced are focused on slits arranged 
round the arc of a circle in such a way 
as to select the wavelengths on which 
the spectrographic analysis of the 
material is to be based. The light that 
passes through each slit falls first on a 
concave mirror, in the form of a sector 
of a cylinder, which focuses it on to 
the cathode of a multiplier photocell. 
The primary photo-current so pro- 
duced is amplified up to about a 
million times within the cell, and the 
amplified current passes from the 
spectrograph through a cable to one of 
a series of electrical condensers in the 
recording console of the equipment. 





Fig. 7, The Production Control! Quantometer is simple to operate and it may be used to make a complete analysis in only 24 min of 


about 15 elements in a sample 
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As exposure, proceeds, the 
voltage across the plates of each 
condenser rises at a rate propor- 
tional to the intensity of the 
corresponding spectrum line. 
Exposure is terminated when a 
predetermined voltage is reached 
on one condenser charged by the 
photo-current generated by a 
spectrum line of the basis metal, 
for example, aluminium when 
aluminium alloys are being 
analyzed. At the end of exposure, 
the voltage on each of the remain- 
ing condensers is measured by a 
sensitive valve voltmeter of high 
input impedance, the voltages on 
the various condensers being 
measured in turn by an automatic 
stepping switch. Each voltage is 
recorded on a chart, and from the 
recordings the percentage of each 
constituent of interest may be 
directly determined. These per- 
centages are ascertained by com- 
Parison with a previously prepared 
set of calibration curves derived 
from results obtained with chemi- 
cally analyzed standard samples 
tested in the Quantometer. 

With the aid of this equipment 
it is possible to make, within the 
space of 2} minutes, a complete 
analysis for up to, say, 15 con- 
stituent elements, including alley- 
ing additions and impurities. The 
saving in time as compared with 
that necessary for orthodox 
chemical and spectrographic 
methods employing photography 
is obviously considerable. Thus, 

a more complete check may be 

made of incoming materials, or analyses 
may be carried out, for instance, before 
pouring the contents of a furnace. The 
accuracy of the analysis is generally 
higher than that obtained by more con- 
ventional spectrographic methods. 
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Fig. 9. A jet test machine 


Other work 
Other work that has been done or 
which is in progress includes investiga- 
tions into stretcher-strain markings and 
the surface condition known as orange 
peeling, which occur on light alloy sheet, 


particularly aluminium-magnesium 
alloys. Enough is now known 
about these phenomena for recom- 
mendations to be made with regard 
to material specifications for their 
avoidance. The orange peel effect 
is due to large grain structure in 
the metal. On the other hand, 
stretcher - strain’ markings are 
characterized by the formation, on 
pressings, of distinct markings, 
often visible even after painting. 
They are due to effects associated 
with deformation taking place in 
the grains. ‘The results of this 
work are to be published for the 
first time later this year in a paper 
to be read before the Institute of 
Metals 
Investigations have also been 
carried out into the prospects of 
wider use of electropolishing pro- 
cesses. The laws governing these 
processes have been determined, 
and it has been concluded that 
whatever process and solution 1s 
used, electropolishing alone will 
only brighten, but not give a per- 
fectly smooth surface. It is very 
suitable for polishing intricate 
shapes that cannot be treated by 
mechanical methods. A_ special 
technique has been developed by 
the Laboratory whereby it 1s 
possible to arrive quickly at a 
cathode arrangement which will 
avoid the excessive rounding off 
of any sharp corners whose dimen- 
sions must be preserved accurately. 
Much work has been done in 
the general field of corrosion of 
non-ferrous metals in various 
environments. X-ray and electron dif- 
fraction equipment is available in the 
Laboratory for the analysis of films on 
corroded metal surfaces as well as for 
other investigations. The electron 
diffraction apparatus was designed and 


Fig. 10. When the jet test is not suitable, this rig may be used for ig. 11. A battery of machines used for tests under conditions of 


assessing corrosion resistance 


stress and corrosion 





constructed by the Laboratory staff. 

The Association has recently pub- 
lished the results of an investigation of 
the factors which may sometimes lead 
to the corrosion of aluminium when 
immersed in tap water. An examination 
is also being made of ways of eliminat- 
ing the corrosion risk in closed systems 
such as radiators. Similar work is in 
hand concerned with corrosion in soil 
and in contact with road-wash. 

Among the simpler test machines 
used in the Laboratory are the two 
illustrated in Figs. 9 and 10. Fig. 9 
shows an apparatus designed for testing 
the corrosion resistance of components 
subject to impact from a continuous jet 
of sea water containing air bubbles. 
The electric motor driving the pump 
may be seen mounted on the bench in 
the foreground. Sea water is circulated 
from the earthenware tank to a central 
chamber above it, and then through a 
number of rubber tubes to jets directed 
at test pieces. In the illustration it can 
be seen that one of the jet elements has 
been lifted and placed on the edge of 
the tank. Each element consists of a 
bridge piece between the two legs of 
which is the jet. The test piece is a 
metal strip secured across the ends of 
the legs by metal clips. During the 
test, the element is submerged below 
the brine in the tank. 

Illustrated in Fig. 10 is a simple test 
rig for assessing corrosion resistance. A 
vertical shaft driven by an_ electric 
motor is positioned so that its lower end 
is submerged in a tank of the corrosive 
liquid. On the submerged end are two 
discs between which are clamped the 
test pieces. When the discs are rotated 
the liquid flows over the test pieces. 
Among the liquids most commonly 
used are brine, seca water, rain water 
or normal supply water, etc. It 
has been found that if resistance to 
sea water corrosion is to be determined, 
substitute solutions are not satisfactory, 
and the sea water must be transported 
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to the Laboratories. 

Investigations have also been carried 
out the behaviour of materials 
under the combined influences of cor- 
rosion and stress. Fig. 11 illustrates the 
apparatus used for this work. The test 
specimens, which in this case are of 
aluminium alloy, are loaded by the 
springs attached to the ends of loading 
beams. Unstressed specimens are sus- 
pended near the machine so that they 
are subject to the same_ corrosive 
influences, and the work involves the 
comparison of the effects on both 
loaded and unloaded specimens. The 
humidity of the room in which the 
apparatu housed 1s kept at about 80 
per cent by a fan circulating the air in 
the room over a water tank. Twice a 
day the specimens are sprayed with 
brine, and the humidity is enough to 
ensure that they remain damp over the 
whole of the time between spray 
application 


into 


The Liaison Department 

One of the outstanding features of 
the organization of the Laboratories is 
the Liaison Department. It is staffed 
by several graduates under the super- 
vision of the Chief Liaison Officer. One 
of its main functions is to ensure that 
executives of member firms are kept 
aware of the facilities that are available 
it the Laboratories for investigating 
and solving their difficulties. It also 
ensures that the research staffs are kept 
well informed with regard to the prac- 
tical problems and new developments 
that arise in industry, so that there 1s 
close collaboration between the research 
stafl concerned with the 
practical the research 
projects 

Its principal duty, however, is to pro- 
vide a free consulting service to mem- 
bers. Enquiries received fall into three 
general categories. The first is enquiries 
relating to design, for example, ques- 
tions are asked as to what materials are 
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most suitable for certain applications, 
or concerning the properties of different 
alloys. ‘The second category concerns 
failures. Often manufacturers feel it 
advisable to call for an independent 
opinion as to the cause of failures that 
they have experienced; the Laboratory 
staff, by virtue of their intimate know- 
ledge of metallurgical problems, and 
also because of the extensive sources of 
information readily available to them, 
are well qualified to give such an 
opinion. Production enquiries con- 
stitute the third category. These cover 
a wide range of production problems, 
including electroplating, foundry work, 
machining, stamping, pressing, etc. 

The Information Department and 
Library works in close co-operation 
with the Liaison Department. A very 
complete collection of all published 
informaticn on non-ferrous metallurgy 
and related subjects, including patent 
literature, as well as much unpublished 
material, is in the library and available 
to members. In 1952, over 9,500 loans 
were made from the library. In addition, 
translations are provided of the more 
important foreign papers of German, 
French and Russian origin. Literature 
searches on required topics are also 
made. 

A Bulletin is sent out each month to 
the members. It contains a_ large 
number of classified abstracts and notes 
from the world’s technical press. Also 
distributed to members is the B.N.F. 
Review, which contains information 
concerning current researches of the 
Association. The Review is presented 
in such a manner that it may be of the 
greatest possible value in directing the 
attention of executives to the practical 
application of the results of the investi- 
gations. In other words, it gives results 
and reasons, instead of dealing at length 
with the whole experimental procedure. 
The full reports, which describe the 
researches in detail, are available to 
members on request. 





ALUMINIUM BONDING 


RIGINALLY developed for heat 
transfer applications, aluminium 
bonding consists in bonding mole- 
cularly pure aluminium or any of its 
common alloys to cast iron, Inconel, 
Nimonic or titanium. The three basic 
steps in the process are: surface pre- 
paration and masking of the base 
metal; dipping the part into an alu- 
minium bath to produce a_ bonded 
coating; casting the aluminium alloy 
against the prepared surface. In appli- 
cations requiring heat-treated _ steel 
members of high strength, it is advis- 
able to use the more metallurgically 
stable steels, for example SAE 4130 or 
4340, which will not be affected by the 
temperatures encountered in the Al-Fin 
processing. 
Ferrous metals, nickel and utanium 
react with molten aluminium to form 
an intermetallic compound which 


provides the bond between the alu- 
minium alloy and the base metal. The 
bond has a mean tensile strength of 
15,000 Ib/in’ and withstands shearing 
stresses of 8,000 lb/in*. It also acts as 
a chemical buffer between the two 
metals, thus minimizing the danger of 
electrolytic corrosion. There is no 
measurable resistance to heat flow 
across the interface of the two bonded 
metals. 

In addition to air-cooled 
barrel and commercial heat 
exchangers, the field of heat transfer 
applications of the Al-Fin process has 
been extended to internal cooling fins 
of eddy-current clutch rotors and 
exhaust pipe heat exchangers in aircraft 
engines. Important weight reductions 
in aircraft and automotive construction 
have been effected without sacrificing 
strength, for example, in aluminium 


cylinder 


housings with bonded-in steel bearing 
retainers, aluminium timing gears with 
bonded-in steel hubs and in pistons 
with bonded-in ferrous ring carriers. 
Steel-backed aluminium bearings are 
suitable for heavy duty service. The 
process can also lead to savings in 
production and assembly costs. 

For high temperature service, an 
allowance must be made for thermal 
stresses arising from uneven expansion 
of the two elements. Thermal stresses 
can be compensated by: (a) designing 
the unit so that one member has thick- 
ness/length ratios which permit elastic 
deformation, (b) using ferrous metals, 
such as Ni-Resist type I cast iron, 
whose coefficient of thermal expansion 
is similar to that of aluminium, or (c) 
using a_ low-strength, high-ductility 
aluminium alloy which will offer little 
restraint. (M.I.R.A. Abstract 6189.) 
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MANUFACTURING TOLERANCES 


The Pilot * 


NEED for a comprehensive limit 
A ssstem covering the whole field 
of engineering has long been 
apparent. It was felt, however, that 
even if such a system could be evolved, 
it would be both unwieldly and com- 
plicated. In a short article it is not 
possible to make reference to the 
research that was undertaken in arriving 
at the final design of the Pilot + 2 
System, except to say that many 
systems were analyzed and super- 
imposed upon one another graphically 
to see if they had any common features. 
There were none and it became abund- 
antly clear that any proposed system 
must be based upon a new conception 
in keeping with modern requirements. 
The first essential was to determine 
the practical magnitudes of engineering 
tolerances in use to-day. For this 
purpose nearly 10,000 limits on gauges 
of recent manufacture produced by 
The Pilot Plug Gauge Co. Ltd. and 
John Harris (Tools) Ltd., Warwick, 
were analyzed. As a result of this 
investigation the original conception 
of the Pilot 3 System was modified 
to Pilot + 2. A wealth of information 
was obtained concerning the limits 
used in very many branches of engineer- 
ing, and with these tolerances in mind, 
a system was constructed upon a 
number of practical ideals. In what 
follows, the ideals are not necessarily 
placed in order of importance, but are 
so arranged that they will assist an 
understanding of the logical develop- 
ment of the system. 


Ideal No. 1 
system be 
bilateral ? 

There should be little doubt as to 
the correct choice in this connection 
for the following reasons. The uni- 
lateral system is based upon a standard 
hole and the diameter of the shaft is 
varied to give the requisite fit, as 
opposed to the bilateral system in 
which the shaft is made to a standard 
and the hole varied to provide the fit. 
For engineering reasons it is easier to 
vary the diameter of a shaft than it is 
to alter the size of a hole, and this very 
practical fact decides it must be uni- 
lateral. In support of this conclusion 
the dominating tolerance systems are 
unilateral. 

The Pilot + 2 System is therefore 
unilateral, by which is meant the 
smallest diameter of the hole is never 
less than the basic cliameter, and the 
tolerance or the amount of error which 
will be tolerated, is always in a plus 
direction, that is, the largest diameter 


Should the unilateral or 





*Managing Director, The Pilot Plug Gauge Co. Ltd., 
Coventry. 


By F. W. M. Lee, M.I.P.E.* 


to which the hole may be made is 
greater than the basic size of the hole 
by the tolerance. 


Ideal No. 2 

The tolerances provided must be suitable 
for the whole field of engineering practice 

As already mentioned, nearly 10,000 
gauge limits were analyzed and details 
of this task cannot possibiy be shown 
here, only inspection of the chart 
constructed in accordance with Ideal 
No. 3 will indicate whether tolerances 
have been provided for any particular 
product. It is felt that this ideal has 
been amply catered for. 


Ideal No. 3 
It must be simple 

By this is meant that :— 

(a) Any tolerance for any class or 
diameter of hole can be calculated 
mentally. 

The table for the smaller range, 
of which 98:-4°, of limited holes 


2 Limit System 


(3) The diameter, 
and the interplay of these three factors 
ensures that the above - mentioned 
requirements are fulfilled. 


2) The class or quality of the hole, 


Calculating the tolerance 

To the inch diameter of the hole add 
the + 2. of the Pilot + 2. and multiply 
by the class number of the hole. 

A 1 in diameter class 2. hole 
tolerance is therefore— 
lin diameter : Pilot | 2.3 times the 
class 2. 0-0006 in tolerance; or again 
1 in} 2-3 » 2-0-0006 in tolerance. 

A 2in diameter class 4 _ hole 
tolerance is— 
2in+2=4xX4 

A 20 in 
tolerance is— 
20 in+-2=22X2 


00-0016 in tolerance. 
diameter class 2. hole 


222 0:0044 in tolerance. 
For diameters of 0-125 in and less the 

class number is the tolerance in tenths. 
For holes above 0-125 in and not | in 

diameter the tolerance is obtained thus:— 


TABLE I—PILOT : 2 TOLERANCE SYSTEM FOR HOLES 


0 0-126’ id 


but not 


but not but not 


CLASS 


0-126" i Y 


BLACK 
AMBER 
BLUE 

GREEN 


RED 
UNIT 


are below 4in in diameter, can 
be memorized. 

The fundamental basis of the 
system can be explained to an 
apprentice in a few minutes. 


The tolerance table 


Table I shows the tolerance table 
for classes 1 to 6 and diameters from 
0 to 6inches. It is based upon simple 
calculations which ensure that as the 
diameter of the hole increases the 
tolerance also increases, and as the 
class of the hole becomes progressively 
coarser the tolerance steps also become 
coarser. The table is constructed upon 
three essentials : 

1) The + 2. of 


Pilot fw 


the 


2 3 4 5 


but not but not but not but not 


3 4 5" 6’ 


00001 1n 


0 +22 the class number = the toler- 
ance in tenths. 

Examination of the table shows that 
for holes :— 
0—0O-125in the tolerance 
with class in steps of 1 tenth. 
0-126 in — 0-999 in the tolerance in- 
creases with class in steps of 2 tenths. 
1 in — 1-999 in the tolerance increases 
with class in steps of 3 tenths. 
1:999 in — 2:999 in the tolerance in- 
creases with class in steps of 4 tenths 
and so on. The table can therefore 
be memorized, and the method of 
obtaining the tolerance explained in a 
matter of minutes. 

It will be noted, apart from the 
modification of 0:125in downwards ; 


increases 
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tolerance is con- 
sidered essential, it 
may be specified 
only by special per- 
mission from the 
Design and Pro- 
duction Depart- 
ment. In this way, 
limits which are 
unnecessarily tight 
and have no bearing 
upon design or pro- 
duction require- 
ments will be 
avoided, and pre- 





line 


(running) 

















ee 
o126 Buty Bu 


> But . But 
not © not 2 not 
Dia.inin. 


Fig. 1. 


A—Maximum manufacturing tolerance for ‘‘go"’ 
B—Maximum wear allowance for ‘‘go’’ end. 


which is incorporated for the use of 


the instrument, watch, clock, and 
similar trades, that the value of the 
tolerance changes at nearly 1 in inter- 
vals (lin to 1-999 in) fractional sizes 
of an inch being ignored. The sound- 
ness of this method cannot be elaborated 
here. 

It will thus be seen that the Pilot | 2. 
System tolerances can be calculated 
mentally, can be memorized, and 
because of its simplicity be explained 
to an apprentice in a matter of minutes. 


Ideal No. 4 
The total tolerance range must be kept 
to a practical working minimum 

Table I indicates that whilst only 
six classes of tolerances are shown, 
there is no theoretical limitation to 
the number of classes provided. In- 
dustry, however, has already decided 
this criteria, for it has been found by 
investigation that classes 3, 4 and 5 
are the most popular. This is a 
general assertion and must be modified 
to suit the particular product. In one 
case, classes 2, 3 and 4 may be stipu- 
lated by a manufacturer as suitable 
for his design of machine tool, whilst 
in another firm with less exacting 
requirements the coarser tolerances of 
3, 4 and 5 could be used. 

The range must therefore be decided 
by the individual firm concerned. 
Here it might be suggested that if a 
firm, bearing in mind the article pro- 
duced, lays down that only classes 3, 
4, and 5 may be used, but a tighter 


Pilot | 2 limit system for holes and shaft 


vented from being 
perpetuated and 
increasing produc- 
tion costs. 


Ideal No. 5 
The system must 
provide tolerances for 

shafts 

Fig 1 shows the 
complete layout of 
the Pilot ; 2 System 
as applied to shafts 
in which it will be 
noted that class 
tolerance’ lines 
exactly similar tothe 
hole tolerance lines 
above the basic line 
are provided below 
the basic line. 
These shaft lines 
are calculated in 
precisely the same 
manner in which 
the hole tolerances were decided, so 
that the tolerance table, Table I, could 
literally be turned upside down and 
serve two purposes. The question of 
shaft tolerances will not be pursued 
here, as a full explanation with examples 
will be given under Ideal No. 6 
concerning fits. 


end 


Ideal No. 6 
The system should give a mental picture 
of fits 

Here it would be as well to recall 
that the Pilot . 2 System is a unilateral 
System, in which the smallest diameter 
of the hole—subject to qualification 
later—is never less than the basic 
diameter. In any fit, the smallest 
diameter of the hole is the dominating 
dimension, so it is the nominal or basic 
diameter of the hole which must be 
kept in mind when deciding a fit. To 
make this clear, three types of well 
defined fits will be considered. 


Running fit 

It is assumed a 1 in diameter hole 
has been produced to its smallest size 
of exactly | in in diameter, and a shaft 
is required to run in this hole with a 
minimum clearance of 0:0003 in, and a 
maximum clearance of 0-0006 in. 
Reference to the class lines below the 
basic line for 1 in diameter indicates 
that this particular shaft can be des- 
cribed by the figures 1 and 2, of which 
1 is 0-0003 in below the nominal line, 
and 2—0:0006in. In the Pilot 2 
System the nominal line is indicated 
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by means of an oblique stroke |, and 
since the shaft of a running fit is less 
in diameter than the smallest or 
nominal size of the hole, the class 
numbe: controlling the size of the 
shaft would be placed to the right, or 
minus side of it thus, /12. 

Because the largest diameter of the 
hole in the unilateral Pilot | 2 System 
is controlled by the class number, or 
in other words the tolerance, the hole 
is then perfectly described in the case 
of a class 1 hole by 10/.. The 0 or zero 
is the nominal size irrespective of class 
or diameter, from which it follows 
that only one number, the class number, 
is required to describe the hole, since 
the other number is always zero and 
can be ignored. 

The running fit can now be written 
1/12, of which the first 1 is the class 1 
hole, and the 12 a shaft which is a 
minimum of 0-0003 in, and a maximum 
of 0-0006 in smaller than the nominal 
size, and therefore has the desired 
clearance. 


Interference fits 

In a similar manner, an interference 
fit would be written 123, in which, by 
usage, the first number is the class 1 
hole and 23 the shaft. In this case, 
the shaft is to the left or plus side of 
the nominal line, which means it is 
bigger than the hole because the class 
numbers controlling its size are numeri- 
cally greater than the class number of 
the hole. 


Transition fit, or selective assembly 

By the same reasoning, a selective 
assembly fit is written 110) from which 
it is immediately apparent that the 
hole and the shaft have the same 
tolerances and must therefore be 
mated. The fit of the hole described 
in the above manner should be incor- 
porated in the assembly or sub- 
assembly drawing, and the actual 
tolerances stated on the component 
drawing. 


Ideal No. 7 
Provision must be made for ball and 
roller race housing tolerances 

Ball and roller race housings 
require three types of holes: 

(1) Oversize. 

(2) Transition or bilateral. 

(3) Undersize holes. 

The Pilot+-2 System, being essent- 
iaily a unilateral System, would not 
be complete if it could not provide 
suitable tolerances for ball race hous- 
ings. Before proceeding it is necessary 
to define the above types of holes. 

Oversize. The maximum per- 
missible diameter and the minimum 
diameter of the holes are both larger 
than the nominal size of the ball 
race to be used in it. 

Bilateral. The maximum size 
is greater and the minimum size 
less than the nominal diameter of 
the ball race. 

Undersize. Both diameters are 
smaller than the nominal outside 
diameter of the ball race. 

With an oversize hole the smallest 
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diameter of the hole is larger than the 
basic diameter, and therefore zero or O 
will not describe the minimum diameter. 
A number, which is the class number, 
is used to define how much the smallest 
diameter is larger than the _ basic 
diameter and therefore an oversize hole 
requires two numbers to define it. 
Since two numbers are used to describe 
a shaft in the Pilot . 2 System, a 
prefix “‘B” for bearing is used to 
designate a bearing hole ; an example 
will make this clear. It is required 
to describe a bearing hole for a 1-5 in 
outside diameter ball bearing with an 
easy sliding fit of + 0-0024 in top limit, 
and + 0:0012in bottom limit. From 
memory, this will be a class 8 and 
class 4, or by calculation, 24 divided 
by 3 — 8, 12 divided by 3 — 4. Because 
both are plus and therefore to the left 
of the oblique stroke, the bearing hole 
would be described accurately by 
B.8.4,.. In a similar manner a bilateral 
hole could be described by B 2/1, and 
an undersize hole by B / 1-4. 

One of the salient features of the 
Pilot + 2 System is the mental picture 
conveyed by the position of the class 
numbers relative to the oblique stroke 
or basic line, indicating which of the 
three categories the hole is in, and the 
magnitude of these numbers immedi- 
ately shows the type of fit between the 
bearing and its housing. 


Ideal No. 8 


The manufacturing tolerances for gauges 
must be stated 

The usual practice of allowing the 

Gauge Maker 10 per cent of the limit 

as a manufacturing tolerance in a 


TABLE IlII—REPLACEMENT CHART, B.S.1. 
“U"’ by Pilot + 2 


B.S.I. “U” DIA. PILOT 


+2 
CLASS 


FROM TO 


0” 0-125” 6 


0-300” 0-590” 


1-500” 


positive direction on the ‘‘Go” end 
is adopted; the 10 per cent manu- 
facturing tolerance should be split on the 
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‘** No Go ” end as shown in the following 
example. The gauge to be made is 
nominally lin in diameter with a 
0-001 in, or in other words, 10 tenths 
limit. Since 10 per cent of the 
tolerance can be allowed in the manu- 
facture of the ‘‘Go” end, and as 
already mentioned, this is used in a 
positive direction, the ‘‘Go” end 
can be to a minimum size of exactly 
1 in in diameter, and a maximum size 
of 1 in plus 0-0001 in. 


TABLE lI—PILOT ; 2 AND B.S.I. 


Change Steps 
Pilot + 2 
lolerance 


B.3.1, “U" 


Pilot Tolerance 


FOLERANCE CHANGES IN RELATION TO DIAMETER. 


Here it must be stated that it is 
always the endeavour of the gauge 
manufacturer to make the gauge to 
the lin plus one tenth, or top limit 
diameter, with the object of giving the 
maximum wear allowance or life. 
Turning to the ‘‘ No Go” end, the 
manufacturing tolerance is split, that 
is to say, the ‘‘ No Go” end may be 
5 per cent of the limit larger than its 
theoretical size of lin plus 0/001 in, 
or smaller than this size by 5 per cent 
of the limit. Here again, the gauge 
manufacturer endeavours to keep the 
gauge up to the top limit, or its greatest 
permissible size, in this way ensuring 


that production has the greatest possible 
tolerance. 
‘** Workshop” and ‘* Inspection” gauges 
No mention has been made of 
‘** workshop ” and “ inspection ”’ gauge 
tolerances, for the reason that they 
are considered to be correct in theory, 
but impossible in practice. A _ small 
excursion will make this point clear. 
A new ‘“ Workshop” ‘‘ Go” end is 
very slightly larger than its “‘ inspec- 
tion’? counterpart, but owing to the 


“U"’ EQUIVALENTS CHART 


Tolerance 


Class 6 
Difference 


125 
126 


0 


Class 3 
0 290 


0 300 


Class 4 
590 
600 

Class 5 


990 


1 000 
Class 4 
1-490 
1-500 
Class 5 
1.999 


2.000 
Class 4 
3.999 
4 000 
Class 3 


4.490 


4 500 
Class 4 


4999 


B.S.1. “U”" Tolerance 
Equivalents in 
Pilot +2 for 


Various Diameters 


UNIT—0-0001 in 


severer conditions under which the 
‘‘shop ”’ gauge is used wear is more 
rapid, with the result that it is smaller 
than the “ inspection ”’ gauge in a very 
short time, thus completely reversing 
this consideration. It may be argued 
theoretically that frequent inspection 
of the gauges will prevent this, but in 
practice it must be admitted that such 
an ideal state is seldom, if ever, attained. 
With this in mind and the fact that 
sharing the tolerance between “‘ inspec- 
tion’ and ‘“‘ shop”’ robs the operator 
of much needed assistance the Pilot + 2 
System employs only one manufac- 
turing tolerance. In the chart Fig 1 





of the complete Pilot 2 System it 
will also be noted that the maximum 
manufacturing tolerance has been con- 
fined to two tenths ; this will be referred 
to later. 


Ideal No. 9 
The amount the *‘ Go” end may be 
allowed to wear below the nominal size 
before withdrawal from service must be 
defined 

Established practice is that the 
“Go” end, the wearable member, 
should be allowed to wear a maximum 
of 10 per cent below the basic size 
before withdrawal from service. To 
illustrate conditions in use, an example 
with comments may serve a_ useful 
purpose. A lin class 1 gauge has a 
limit of 0:0003 in, and 10 per cent of 
3 tenths is 3 hundredths of a “‘ thou ’”’, 
or 30 millionths. Under these circum- 
stances the “Go” end would be 
allowed to wear 30 millionths under 
size, or below the basic diameter, 
before withdrawal from use. Since a 
certain amount of clearance under 
production conditions between the 
gauge and the hole is required, it might 
justly be claimed that the hole will be, 
to all intents and purposes, “ size ”’ 
In the case of a lin diameter gauge 
with a “thou” or 10 tenths limit the 
“Go” end would be allowed to wear 
one tenth below the basic diameter of 
exactly lin. Space will not allow 
further explanations, suffice to say 
that this method is widely adopted in 
the Engineering Industry. 


Ideal No. 10 
The tolerance system must be such that 
the B.S1I, “ U” limits are catered for 

If this ideal can be fulfilled, two 
important requirements are met. 

(1) Interchangeability is unaffected. 

(2) B.S.I1. “U” gauges are not 

scrapped. 

Table II is an equivalents chart and 
Table III a replacement chart of the 
Pilot 2 and B.S.I. ‘“* U ”’ limits, from 
which it will be noted that in the 
majority of cases exact equivalents 
exist, and where there is a difference 
it is small compared with the total 
tolerance, and of no practical conse- 
quence. Thus, by replacement, and 
therefore no cost for the introduction 
of the Pilot }+ 2 System the B.S.I. 
““U” limits can be abandoned and a 
tolerance system introduced giving 
much needed additional tolerances in 
a short period of time. 


Ideal No. 11 

The system should reduce gauge stocks 

Reference has already been made to 
an upper manufacturing limit of two 
tenths on the “Go” end, and to 
conserve space the user’s point of view 
only will be considered. A gauge with 
a 5 “thou” limit under the 10 per 
cent rule could have a maximum of 
5 tenths, or 1/2 a “ thou ”’ wear allow- 
ance; or in other words, it could be 
this amount larger than the nominal 
size. Again, under the 10 per cent 
rule, applying to the amount the gauge 
can be allowed to wear below the basic 


“ 


AUTOMOBILE 
ENGINEER 


> 


size another half “‘thou”’ is available 
for increasing the life of the gauge, or 
a total of 1 ‘“‘thou”’, which by all 
standards of reasonableness is too 
great. It will therefore be seen that 
if the maximum wear allowance above 
the basic size 1s confined to 2 tenths, 
then such a “ Go” gauge end will be 
suitable for any class of hole whose 
mit is 2 “thon”, 3 “thon”, 4 
“thou ”’, or larger. 

This limitation reduces the cost of 
the gauging system, for it will be 
apparent that in the ideal situation 
when the ‘‘Go” and “No Go” 
gauges are separate as in larger sizes 
that one end can be used for 
any hole with a tolerance of 2 “‘ thou ”’ 
and above, and a series of ‘* No Go’ 
gauges only will be required to control 
the maximum size of the hole. 


Go ”’ 


Ideal No. 12 

For the immediate identification of 
classes a colour code would be anadvantage 

Reference to Table I indicates that 
red is used for class 1 gauges, green 
class 2, blue class 3, amber class 4, 
black class 5 and above. This is carried 
into effect by using coloured anodized 
aluminium handles which ensure that 
the gauges are recognized instantly in 
use and in storage. 


Ideal No. 13 
The system should reduce scrap by the 
prevention of reamers culling oversize 
holes 

It is well known that a new keen 
reamer cuts big, and let it be assumed 
that the hole is 1/2in in diameter 
which has been cut 8 tenths oversize, 
or in other words, a class 4 hole. Under 
the colour code class 4 is amber, it 
follows that by painting the reamer 
Amber between the top of the flutes 
and the shank, or slipping on a coloured 
synthetic rubber band, the reamer is 
immediately labelled as one cutting 
an 8 tenths oversize hole. As _ the 
reamer wears and the hole becomes 
progressively smaller, the colour is 
changed at the various tolerance grades 
until red finally appears making it the 
most valuable reamer in the shop. In 
this way reamer life will be increased 
and scrap avoided. 


Summary 
The design of the Pilot ; 2 System 
was only finalized after an extensive 
and illuminating analysis of tolerances 


used by a very wide cross section of 


Industry to-day, as shown by the 
records of The Pilot Plug Gauge Co. 
Ltd. and Messrs. John Harris (Tools) 
Ltd., of Warwick. 

Based as it is upon practical con- 
siderations the following is 
pointer of its advantages. 

(1) Simple to understand. 
2) Tolerances easily memorized or 

calculated. 

It is practical, as only practical 

tolerances are used. 

It is acceptable to industry, as it 

has been constructed upon indus- 

trial requirements. 


a_ brief 
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(5) It provides a range of tolerances 
suitable for watches to heavy 
machinery. 

(6) The Pilot » 2 gives an immediate 
mental picture of fits. 

(7) Special applications, such as ball 
race housings are amply and 
clearly catered for. 

(8) It is a complete system. 

(9) All particulars required for the 
control of a tolerance system in 
use are given in clear and concise 
terms. 

(10) The Pilot + 2 System will cause 
no confusion in firms using the 
B.S.I. ‘‘U” limits, and the 
change can be made without cost. 

(11) Possesses incidental advantages 
found in no other system. 

(12) Half a minute only is required to 
explain the simple arithmetical 
fundamental basis of the Pilot + 2 
System to any apprentice. 

(13) The Pilot + 2 System can be 
completely and concisely des- 
cribed by one wall chart. 

The Pilot ; 2 System is designed 

to settle in a practical manner a problem 
which has been with us far too long. 


SPLIT-CHASSIS 
CONSTRUCTION 


ATTHEW BROTHERS of Wal- 
lington, Surrey, manufacturers of 


Matbro fork lift trucks and bulk loaders, 
have recently carried out timed tests 
on the stripping down, for maintenance 
purposes, of one of their two-ton fork 
trucks, which are of split-chassis con- 


struction. The chassis can be quickly 
unbolted in the middle, so that the 
vehicle is then in two parts. For 
operations such as clutch maintenance 
and adjustment, the advantages of this 
design are considerable since it obviates 
complete stripping down. 

It is estimated from the timed tests 
that on certain maintenance operations, 
anything from six hours to several days 
work can be saved. The need for 
heavy lifting tackle is dispensed with 
and for some work, for example, clutch 
maintenance, it is not even necessary 
to drain off the cooling water and 
engine oil. 

This split-chassis arrangement would 
appear to be advantageous for operators 
using a number of similar units, and 
in particular for the armed services. 
It provides, in effect, a vehicle built up 
from two sub-assemblies, and it might 
be possible by cannibalisation to pro- 
duce a serviceable machine from the 
undamaged sub-assemblies of two partly 
wrecked ones. 

The following times for operations 
were determined from the test: 

Splitting the chassis in pre- 

paration for clutch change 2 hr 

Re-assembly after changing 

clutch 1} hr 
Replacing a petrol engine 

with a diesel unit and 

carrying out the necessary 

modifications 6 hr 











BALL AND ROLLER 


BEARINGS 


When names such as Napier and Star were 
the talk of the day in the car world and 
Dr. Lanchester was pioneering his 3-wheeler, 
Hoffmann Bearings were already renowned for 
their reliability. In 1908 a Napier fitted through- 
out with Hoffmann gained 28 world’s records. 
Today, as ever, they are instinctively the choice 
of designer, manufacturer and engineer. 


THE HOFFMANN MANUFACTURING CO. LTD, CHELMSFORD, ESSEX 
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Ward Tot Maximum Ficduction 


These photographs, taken at the York- 

shire works of a leading firm of precision 

manufacturers, include all sizes of Ward 

Capstan and Turret Lathes from No. 1A 
to No. 10. 


MAY WE SEND YOU PARTICULARS? 


H.W.WARD & CO.LTD 
SELLY OAK BIRMINGHAM 29 
TELEPHONE _ SELLY OAK 1131 


The 6-3 y (pN 

KENCO 7 yy Ask for 
Screwing Le a , Particulars 
Machine : - of Range 
Threads mT 4G of Machines 
Tubes up to 6” y ae '’-—-\.- 2 for Tubes 
Bolts up to ( g = =! « ’ a up to 


Quickly | | . 18” Dia. 
Accurately . 

to Standard 

Limits 


KENDALL € GENT L? 


VICTORIA WORKS GORTON 
MANCHESTER Telephone EAST 1035,, 


K169 
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Before it reaches you, Bury Felt goes 
through a tough testing period in the 
Bury Felt Laboratory to make sure 

it will measure up to precise standards 
of behaviour under particular stress. 
This ensures that Bury Industrial Felts 
will work with lasting efficiency on 


whatever job they have to do. 


These adaptable materials can be 


die-cut, chiselled, punched, machined 


and even ground. Test Bury Felts for 
yourself in filters, seals, washers, 
gaskets, buffing rollers, shock 
absorbing mountings, cushionings 
—or in any of the hundreds of other 


different ways they can be used. 











Send vour enquiries to: 
BURY FELT MANUFACTURING CO. LTD. 
HUDCAR MILLS : BURY: LANCS. Phone BURY 2262 (6 lines) 


or to the London Office: 
3 SNOW HILL, E.C.1 Telephone CENtral 4448 
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Put YOUR scrap problem 
on OUR plate.... 


and let us solve it for you. 
You will have no disposal 


.. use our 
WORKS SCRAP COLLECTION 
SERVICE 


Experts in Scrap since 1834 


GEORGE: on ‘COHEN 


SONS ANDB COMPANY LIMITED 


BROADWAY CHAMBERS, HAMMERSMITH, LONDON, W.6. Telephone: Riversid2 4141 - Telegrams: Coborn, Telex, London 


600 Commercial Rd., E.14 - Bidder St., Canning Town, E.16 - Bat Belfast Birmingham *« Hebburn-on-Tyne - Leeds - Luton - Manchester - Morriston, Swansea - Sheffield 





4E/5212/ x92 





World’s most Rugged 
Trucks Specify . 








MOSS 
GEARS 


THE MOSS GEAR CO., LTD., CROWN WORKS, TYBURN, BIRMINGHAM, 24 
Phone : ERDington 1661-6. "Grams : “‘ Mosgear, Birmingham.” 


6347 
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The “HAC” Automatic Grinding machine is 
a massive, well designed tool providing ease 
of operation, high rates of production and 
extremely accurate product finishing. Made 
in three sizes each having a 16” swing, witha 
capacity of 48”, 60” or 72”. Each machine has 

a fully automatic grinding cycle by elec- 
trical and hydraulic power. There is a 

5” rapid wheelhead approach with 

four automatic variable infeed rates. 
Wheelhead bearings, wheelhead 

slides, etc., are supplied with 

automatic lubrication, and 

there is a drip feed 

system to the 

driving chain. 


SPECIFICATION 
Maximum length between faces of workheads ..., 48"-60°-72" 
30°-42"-54" 


Work centre height wa ol 10” 


Minimum length between faces of workheads .., 


Maximum diameter of new wheel 

H.P. of wheelhead motor 

R.P.M. of wheelhead motor 

H.P. of hydraulic motor 

R.P.M. of hydraulic motor 

H.P. of workhead motor 

R.P.M. of workhead motor 

Starters - Automatic type housed in 

separate control cabinet 

Table speed Infinitely variable from 
3-180" per minute 

Plunge cut feed Infinitely variable 

Quick run back of 

wheelhead 5° 


Scottish Agents: Drummond-Asquith George Street, Glasgow, C.2 
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and £4000 damages 


A press operator whose earnings are 

retarded by slow guard operation is a 
menace to himself and to you. He is 
tempted to expose himself to danger and 
may involve you in heavy damages. 
lortunately, the ‘Fastrip’ Synch,onised Guard 
ensures the highest standard of safety 
without impeding production. Send for full 


details to-day. 


j- P. UDAL 


INTERLOCK WORKS, COURT ROAD, BIRMINGHAM, 12 
Telephone : CALthorpe 3114 PRESS GOUOARDS 





DARWINS 


GROUP 


SHEFFIELD - ENGLAND 


ts in the production of high grade 
resisting and corrosion resisting alloy 
Illustration shows the preparations 


Js prior to closing 


DARWINS LTD. 


TOOL STEELS HACKSAW BLADES PERMANENT 
MAGNETS HEAT & ACID RESISTING CASTINGS 


ANDREWS TOLEDO LTD. 


CARBON & ALLOY CONSTRUCTIONAL STEELS 


WARDSEND STEEL CO. LTD. 


AGRICULTURAL & TOOL STEEL SHEETS 


ANDREWS TOLEDO (wire nop) LTD. 


SPECIAL CARBON & ALLOY WIRE ROD 
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THIS MARK 
ON ALL VANDERVELL 
PRODUCTS 


VANDERVELL 


PRODUCTS LIMITED 


VANDERVELL PRODUCTS LTD > WESTERN AVENUE: PARK ROYAL: LONDON 


Smee's V OS 
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7 a 
Why is it? 
Many famous concerns, large 


and small, in every industry use 


CLAYTON overhead cranes. 


Household names like  Rolls- 
Royce, Vickers-Armstrongs, 
B.S.A., Ford Motors, Leyland 
Motors, and G.E.C., to mention 
but a few. People who choose 
the best equipment for maximum 


production. 


If you are interested in overhead cranes, send On OF" Y I ON 


for our Catalogue No. 485B, ALL BRITISH 
HOISTING & HANDLING EQUIPMENT 
OF ENDURING QUALITY 


THE CLAYTON CRANE & HOIST CO. LTD. — 
IRWELL CHAMBERS EAST - UNION STREET - LIVERPOOL 3 \es/ 


tA 
Telephone: CENtral 1141 (4 es) Telegrams: CLAYMAG, LIVERPOOL \9 ig 


Represented in all principal countries 








PRESSINGS « FABRICATIONS 





The items illustrated show only a 
few of the automobile components 
manufactured by us for the auto- 
mobile trade in our self-contained 
factory. 

We manufacture our own Press 
Tools; Fabrications, Spinnings, 
Assemblies, and are able to under- 
take all kinds of Metal Finishes. 


PETROL PUMPS — HUB CAPS — DUST COVERS 


ADAMS BROS. & BURNLEY LTD. [Ripa 


Elmgrove Road, Harrow, Middlesex. | p roduced with 


Telephone: HARROW 6411 (5 lines) : 
Multi-tool set up 


AIR CLEANER ASSEMBLIES — PETROL TANKS WING COVERS — WING STAYS 
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By courtesy of Messrs. 
James Archdale & Co., Ltd. 


The above photograph shows a 
Cutanit Grade S Copy Turning 
Tool in use on a + GF+ Copying 
Lathe. 


Standard Cutanit tools are 
available for all the well-known 
makes of Copying Lathes. 


CEMENTED CARBIDE 


A METRO-CUTANIT PRODUCT 


WM JESSOP & SONS LTD a Sey ee ee 
BRIGHTSIDE WORKS SHEFFIELD - ~~ | TRIUMPH WORKS SHEFFIELD 
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One of Weil gins Fine Cats 


USE 


CLANCEY 


CAST-IRON VALVE GUIDES 


adi. 


G:CLANCEY L™: BELLE VALE - HALESOWEN 


TELEPHONE: CRADLEY HEATH - 69411-2-3 





YOU 


can examine intricate engine 


castings when 


yYuxX 
WE 
supply the equipment, the 


service and the advice 


Hollow anode X-ray tube fer radiography in confined spaces 


SOLUS-SCHALL LIMITED 
I8.NEW CAVENDISH STREET. LONDON WIL. 
X-RAY. GAMMA RAY. ULTRASONIC.MAGNETIC. 
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harder the smaller 


The accuracy of a hardness testing instrument depends on a diamond indenter. The 
diamond working face is in the form of a polished cone or pyramid. The measurement 
of the indentation produced by this form under a known load indicates the hardness 


of the specimen. The smaller the indentation the harder the material is known to be. 





VAN MOPPES & SONS 
TELEPHONE: BASINGSTOKE 1240 (DIAMOND TOOLS) LTD 


BASINGSTOKE ‘ HAMPSHIRE 


TRADE MARKS + DIATIPT « DIADUST - DIATRU » DIANYF + DIATUF « DIAFORM - DIADEX 
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“machine tool’’ 


approach 





BIRLEC automatic high frequency 
induction heating machines can be 
supplied for hardening the teeth of 
certain types of gear-whee!s, greatly 
reducing distortion and surface defects. 


Alternative methods provide for hardening:— 





(a) the complete tooth 
(b) the tooth contour 
(c) the flanks and root only. 


The installation may be placed directly in 
the machine line and gives rapid, uniform 


production without skilled operation 


BIRLEC LIMITED 
INDUCTION 


tall ERDINGTON - BIRMINGHAM 24 
, Sales and service offices in LONDON, SHEFFIELD and GLASGCW 





Tested ana recommended by the . 
Ministry of Supply (MVT Branchj 
Ref. No. VG.6/300/FIR for export 
to tropical countries. 


OSOTITE — the modern 
scientific sealing which has 


UKXe} 7 Tip been proved by rigorous tests 
to be the perfect jointing for 
emery | smooth surface and = screw 
unions. OSOTITE is a simply 
ma applied, liquid compound, im- 
pervious to heat, petrol, oil, 


grease, water and steam which 
ensures in a few minutes a 


HIGH PRESSURE GAS, AIR or WATER-TIGHT JOINT. 


Write for full details and prices to: 


SLICK BRANDS LIMITED 


ee as 0) 0 Oke Sem Wiemuun. @ enenen, Huu en Mele @cokem, ium al, nem ay. W.  ¢) 
Tel: CROYDON 3171-2 Cables: SLICKBRA, SOUPHONE, LONDON 
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Are you interested in 


dynamic balancing ? 


The increasingly high speeds of rotating If you are interested in this 


components in modern engines make necessary machine, write for Technical 
new degrees of accuracy in determining and Booklet 7207. The Avery 
correcting any unbalance. This Avery No. 7207 range of Testing machines 
Electrodynamic Balancing Machine provides includes hardness, impact, 
that accuracy in the testing of specimens from 
2 Ib. to 200 Ib. It is self-contained, floor- 


mounted and exceptionally robust, with many 


fatigue, and dynamic balancing 
machines, for all of which 
technical information is 


features making for ease of control. freely available. 


for accuracy intesting | and weighing 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
vW 


T. AVERY, LIMITED, SOHO FOUNDRY, BIRMINGHAM 40 


I. 
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Jets or nozzles... 


call them what you 


we are specialists in their manufacture and can 





make them to any specification from 008” to 1” orifice 
in any metal. 


In addition to the Motor Industry some of the other 
trades for which we manufacture are the Aircraft 
Industry, Paint Spraying, Crop Spraying, Gas Heaters, 
Sand-Blasting, Bottle Washing Machinery, etc 


We are geared to meet any demand and welcome 
your enquiries. SEND FOR FULL DETAILS TO: 


(MAN 


(gual 
* 


EN GI N Se S 


SOUTH END, CROYDON, SURREY. Tel: CROydon 3158/9 





H.... at our works at Etting- 


shall, we manufacture heavy and 
light chassis frames, axle castings, 
etc., for many of the foremost 
automobile manufacturers in this 
country and abroad. We also 
produce rail car frames and 


bogies, and steel pressings of 
various designs for railways. 


COMMERCIAL FRAME SIDEMEMBERS 


JOHN THOMPSON MOTOR PRESSINGS LIMITED 


ET TIN G §S HD - WOLVERHAMPTON 


Oo F Toe ms ie | M ON GRO VU P 


MP 12 
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"DO_YOUR FILTERS ANSWER 
EVERY ESSENTIAL 
REQUIREMENT? 


FILTERING ALL THE OIL ALL THE TIME 


Only a full flow fier can give real engine protection, This fact ts 
today almost universally acknowledged —yet even a so-called full 


flow filter must match up to all these requirements 


FILTRATION IN: DEPTH 

The VOKES element filters not only on the surface plane but, to a 
certain predetermined extent, into the depth of the felt fabric itself. 
This gives much greater efficiency in arresting a// particles large 
enough to cause damage or wear and, even more important, 


ensures a build-up of sludge much slower than would be the case 





with an element providing surface filtration only. 














CLEANABLE ELEMENTS 


The policy of expendable elements may be satisfactory if spares are 
always available, but what happens if a machine in some remote 
place is prevented from working because no spares are available ? 


VOKES filter elements can always be cleaned—a feature which 








ensures economy in the long run 


NON-RECIRCULATION OF TRAPPED SLUDGE 
In the VOKES Principle, filtration is from the INSIDE to the 


OUTSIDE, which means that all the sludge ts trapped in the centre 
of the filter element and cannot in any circumstances be recirculated 


Yes! . . . in thirty years, nothing has been found to improve on 


the basic principles of VOKES filtration for all-round efficiency 
wo ES. ae ) lignects of scientific filtration 


VOKES LIMITED + GUILDFORD -: SURREY 


VOKES (CANADA) LTD., Toronto. Represented throughout the World VOKES AUSTRALIA PTY., LTD. Sydney 


AUTOMOBILE ENGINEER, June 1953 








In 6 grades from soft to rock hard, and 4 qualities from 
medium grey to superfine, high-quality white, our range of 
polishing bobs includes the ideal wheel for every class of 
work. Send today for our free illustrated brochure. 


Please send all enquiries to— a ed 


Head Office & Works: COOPER & CO., (Birmingham) LTD., Brynmawr, Breconshire. 
Telephone: Brynmawr 312. Telegrams: Felting Brynmawr. 


Registered Office & Works: Little King Street, Birmingham, 19. 





ILGHMANs 


WHEELABRATOR 


Reg'd. Trade Mark 


on production workat 
R. A. LISTER & CO. LTD. 


DURSLEY 


The plant illustrated above has a chamber 22ft. « 9ft. x 8ft. 6ins. 
and is equipped with three 19}in. diameter Wheelabrator Units. 
The rate of travel of the conveyor can be varied between 6ft. 
and 12ft. per minute and it is capable of carrying 600Ib. on each 


hook. Note the bright, clean finish of the components. 
LISTER AUTO TRUCK— 


used in conjunction with the j gi 
WHEELABRATOR. Let us solve YOUR cleaning problems! ! 


TILGHMAN’S PATENT SAND BLAST CO. LTD. 
BROADHEATH, NEAR MANCHESTER, ENGLAND. 


Telephone: ALTRINCHAM 4242 7 
LONDON OFFICE: BRETTENHAM HOUSE, Lancaster Place, Strand, W.C.2 
AGENTS 
MIDLANDS R.J. Richardson & Sons Lted., 


Commercial Street, BIRMINGHAM. 
SCOTLAND Balbardie Ltd., 


110, Hanover Street, EDINBURGH. W.22 
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A Birfield 
LIMITED, SOMERS 


<HLEGRAMS and 
Pies Ws 
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PROPELLER SHAFTS 
AND UNIVERSAL JOINTS 


BIRMINGHAM, 
VICTORIA, AUSTRALIA 


Company), WITTON, 
STREET BURWOOD —€.'3 
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Insulation? Protection? Silencing? Sealing? 


Simple or complex, Redfern’s will help to solve it. We have the 
experience, capacity and resources for economical bulk produc- 
tion of moulded components and extruded sections in natural 
and synthetic rubbers, and ebonite. Plan with all the knowledge 
of our technical staff at your elbow — we are always pleased to 
advise on the use of these versatile materials, and translate de- 
signers’ ideas into terms of efficient production. Send us your 
enquiries—we will do the rest! 

Literature is available describing our service — MOULDINGS ... 
EXTRUDINGS . . . anti-corrosive LININGS & COVERINGS .. . FLOW 
FITTINGS (piping, cocks, tees, etc.,) . . . chemical-resisting 
UTENSILS . . . FABRICATED PARTS to specification. 

A request to add your name to our mailing list will keep you 
up-to-date with publications dealing with any of these items. 


ov CREDFERN 


> | RUBBER & EBONITE 


WILL HELP YOU SOLVE IT! 


MOULDINGS — EXTRUDINGS — FABRICATED PARTS AND UTENSILS REOFERN'S RUBBER WORKS LTD - HYDE - CHESHIRE 


Tea 





. is now immediately available 
for LIGHT METAL CASTING. 
A new factory extension now 
fully completed and in operation 
enables new orders to. be 
accepted without disturbing the 
PBM reputation for supplying 
quality castings or finished 


products. May we hear from you? 


PERRY BARR METAL COMPANY Uf QOAYM foscorr works cnear saan: sinminchaM: 22 
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‘‘Newallastic’’ bolts and studs have qualities which are absolutely unique. 
They have been tested by every known device, and have been proved to 
be stronger and more resistant to fatigue than bolts or studs made by 


the usual method. 


SaoGf Lay J 


POSSILPARRKR GLASGOW: N 
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ABACRES SPEED 
\ A owest Cost 





Ow 
js 
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\ 
The INTAL DRILLS you use to- 
day are better drills than those you 
purchased a year ago. The quality 
INTAL DRILLS 


as metallurgical and engineering 
This 


of improves 


techniques advance is the 


oe 
eo o®™ 
i oot 
wee 9° 4O 
4 ome 
te) 


¢ 


DRILL COMPANY. LIMITE 
SHEFFIELD 


INTERNATIONAL TWIST 
WATERY STREET 


THE 
INTAL WORKS 


When 
competition's 
keen... 


Through the use of Ronco 

Individual Systems of Recording, 

you can not only reduce waste, but great 
improve the output of your organisation 
as well. Whether the problem ts one of 
production or administration, you will f 
Roneo recording methods an investment 
that will pay very big dividends indeed 


... install 


RECORDING SYSTEMS 


RECORDS VISUAL 
MACHINE 


n Ro 


VISIBLE CARD 
INDEXING 


RONEODEX 
VISIBLE STRIP 


Write or "phone Roneo Lid., 17 ‘ HOLborn 7622 


, London, W.C.1. Tel 


CONTROL 
POSTING 


reason why INTAL DRILLS give 
you economic speeds and assist 
you in cutting your drilling costs 
to the very minimum and in 
maintaining maximum output on 


a tight production schedule. 


Intal 


TAPS 

REAMERS 

MILLING CUTTERS 
Telephone 23072 - 3 

Telegrams ‘Fluted’ Sheffield 


D 
3 





CHARTS 
EQUIPMENT 


or any Roneo branch for details 
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Cliff's 
work 

IS 
worth 
looking 


into! 


WE LIKE TO THINK that this photograph of Cliff Jones reflects the infinite amount 
of skill and patience he possesses. As an inspector, Cliff enjoys an abundance of 
these attributes, His job is to examine work for flatness and straightness, as well 
as for surface imperfections. Visual inspection is only one of many types of 
examination meticulously carried out day and night by Cliff and other experienced 
inspectors. There’s too much at stake to risk passing even the slightest flaw.... 

For well over a century we have manufactured hot and cold rolled strip, sheets, 
and sections (mavimum width 32", minimum thickness ‘0015") to all specifications 


and for all purposes. Yeur enquiries are invited. 


cr I ama hay | 
apersi OM STEEL STRIP 


meets the most exacting requirements 








J. J. Habershon & Sons Ltd., Rotherham. Telephone 2081 (6 lines) 
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The P.E. Says we’re 


hogging it off 


Aluminium is not the easiest of metals to machine 
satisfactorily and it is nice when the higher-ups 
make so pointed a remark. No doubt the P.E. was 
unaware that ALUMEDGE lays claim to some of 
the glory when the lathes start turning off high 
tensile aluminium like peeling an apple. Obviating 
indesirables as paraffin, ALUMEDGE 

well and enables the tool to cut without 
lean tool ng is a ‘natural’ when turning, 

any of its many forms. Faster cutting, 
normal attributes of ALUMEDGE which 
ng aluminium alloys. Ask for Brochure 


such 

penetrate 
lugging. It has good lubricant powers as well, 
drilling, milling, grinding or screwing aluminium 
no fuzed swarf, impeccable finish—these are the 
gives you week-in week-out satisfaction in machu 
SP.173 giving details of the Fletcher Miller Cutting Fluids 


oO 


First operation in rough 
piston of Hid alu 
B.S. Spec. 1490. The Herbert No.4 


facing and 
f 





turning 
alloy to 
lathe is 


cutting at 500 r.p.m. and feeding AL-UMEDGE 
water soluble cutting oil as a1 in 20 emulsion 





thanks to ALUMEDGE—one oF THE 


eee VEbHU st) CUTTING FLUIDS 


FLETCHER MILLER LTD., HYDE, Near MANCHESTER Branch Works at London, West Bromwich & Glasgow 





Prize CP56 











(960 R.P.M.) 


This Woodhouse & Mitchell 84” Centre Lathe has been designed and built 
expressly for service in the modern machine shop where sustained production 
at high speeds is demanded. 

The principal objective has been to set a new standard of precision output, 
faster production and simplicity of operation not hitherto available within the 
price range of this new machine. 
The illustration shows the clean lines, robust ‘construction and accessible 
disposition of all controls. Illustrated booklet will be forwarded on reques: 


« CENTRE LATHE 


SPECIFICATION 


@ Rigid diagonal braced bed with 
additional stiffness provided by one 
piece fabricated steel base. 


@ Rapid selection of spindle speed 
with clear indication of desired speed. 


@ Totally enclosed auto-lubricated 
quick change feed gear box with 
provision for metric module, dia- 
metrical, and fractional pitch thread 
cutting without recourse to multi- 
plicity of change wheels. 


@ Totally enclosed auto-lubricated 
apron with single lever selection of 
desired feed motion with choice of 
coarse or fine to each motion. 


@ Large direct reading dials to 
feed screws. 


Tele) ei ICE 


‘Tt o) -—_—__ 


Ww. WARD 


. ——— (PROPRI EV ae THOS 
‘PHONE BRIGHOUSE 


627 (Lines) WAKE FIELD RD. 


BRIGHOUSE - GRAMS WOODHOUSE, BRIGHOUSE’ 


WwWM12 
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are casting Alloy Steels and High Duty Irons 


"a nee a 
ng OZ 


- 


a 


” na 
\ includ 


The successful casting of Manganese Steel calls for a 
technical knowledge and degree of practical application not 
commonly found in the foundry field. Yet 
mangané¢se steel is only one of the wide range of alloy 
and carbon steels that are cast by Lloyds of Burton 
Similarly, the making of Ductile Iron is a process 
demanding the strictest and most experienced 
metaliurgical and melting control, but Lloyds cast 
Ductile Iron with the skill and sureness with 
which they cast a wide range of High Duty Irons 
Complete quality control of every process gives 
Lloyds castings a uniform structure, which ensures 
easy machining, exceptional durability and 
optimum efficiency. Whatever your 
requirements in the Ferrous foundry field con- 
sult Lloyds of Burton before you order, 


Manganese Steel Centurion Tank Ductile Tron Shide Casting for 
Track Links approximate weight of Machine Tools approximate weight 
each link 78 Ibs M = 200 Ibs 


LLOYDS (BURTON) LTD., WELLINGTON WORKS, BURTON-ON-TRENT. TELEPHONE BURTON 3867 


A Prime for industry Ltd, Advartnerment 
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Machine tool precision on all slides and working 
parts so ensuring maximum accuracy in cutting. 


Grouped, casy-to-see, controls and gauges. 


One-piece Cutogen nozzles for trouble free cutting 
to close limits. 


Complete range of adjustment for templets. 

Oil bath drive for tracing head gears. 

All welded steel base and slag bin. 

Attachment for powder cutting stainless steel and 
automatic circle cutting attachment are optional 


extras. 


STANDARD MODEL £210 


DESIGNED AND MADE PERFECT BY 


THE BRITISH OXYGEN 
COLTD 


LONDON AND BRANCHES 


INDUSTRIAL 


FURNACES ,1ect©!< —OVENS 


Funditor Electric Furnaces are used for the efficient 
melting of any metal up to a temperature of 950 f 


Heavy-duty elements around the crucible give uniform 

heat distribution. Correct heating, within fine toler- 

ances, assured by Automatic Temperature Control 

Efficiency combined with complete safety results in 
maintenance of accurate mel- 
ting points and subsequently 
perfect casting. 


* pond ole PWR 


Send tor 


Technical 
Literature 


Funditor Electric Ovens assure maximum thermal 
efficiency, and Automatic Temperature Control, for all 
heat processing up to a temperature of 575 F. 

Forced air circulation can reduce certain process times 
by 50°.,, or natural circulation may be employed. 
Ovens designed to permit wide variation of the stan- 
dard range to suit individual 

temperature and capacity 

requirements. 








Funditor Ltd 


3, WOODBRIDGE STREET, LONDON, E.C.1 


CLErkenwell 6115/7 


RE-METALLING - BABBITTING + SOLDERING 
TINNING ° DIPPING . ETC. 


120 


CURING . DRYING 
BAKING . PRE-HEATING ° ETC, 
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The pressed steel chassis 
frame, conceived 50 years 
ago in our Darlaston factory, 
is a typical and early example 


of Rubery Owen's constant 


service to the Motor Trade. 


Inspection of the Industry's 
problems, co-operation with 
individual manufacturers, 
special and unique research 
and development equipment 
all these are at the elbow 


of the Man on the Job. 


RUBERY OWEN 


AUTOMOBILE 


RUBERY, 
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OWEN & CO. 


CHASSIS FRAMES 
CHASSIS MEMBERS 


REAR AXLE CASINGS 
AXLES 

ROAD WHEELS AND DISCS 
AUTOMOBILE PRESSINGS 


COMPONENTS 


Commercial and Public Transport Vehicles, 
Cars and Caravans. 

Commercial and Public Transport Vehicles, 
Trailers 

Commercial and Public Transport Vehicles, Cars 
Caravan and Light Trailer 

Cars, Light Vans, Caravan and Trailer. 

Deep Drawn work, Valve Covers, Engine 
Sumps, etc 


BOLTS, NUTS, STUDS, BAR PRODUCTS. 


LTD. : 


DARLASTON : 


SOUTH STAFFS. 





err agic 


promotes 
production 


Heavy Duty 
Permanent Magnet 
Chucks... 


Designed for multiple mounting to cover the requirement 
of larger machines — planing, shaping, grinding and 
milling operations on production or in the Tool-room 
carried out with increased speed and maximum security. 
Available in two types—independent or multiple—to give 
superior performance at the lowest cost. No installation or 
running costs. 

No rectifiers or electrical supply needed. 

Ask for Publication P.M. 129 §2. 
Supplies through appointed “ Eclipse” Distributors. 





Magnetic devices designed 
to accelerate production 


Made in Sheffield, England by 
JAMES NEILL & COMPANY (SHEFFIELD) LTD 
Represented in Canada by : TAYLOR LAW, & CARTWRIGHT LTD. 


Toronto Vancouver Montreal 











We can solve your 
Soldering and 
Brazing problems 


The photograph shows one equipmen 
from our range. Send us your problems 
so that we may put our experience, 
backed by the services of an Applica- 
tions Laboratory, at your disposal. 


“STANELCO” ELECTRO-GAS EQUIPMENT is low in 
capital cost and economical to run. The machine operates 
from the normal mains gas supply and factory air-line. A 
range of burners, to provide any heat pattern with a flame 
temperature up to 1,500°C. can be fitted. Push button 
action. Timed heating period. Accurate control. Suitable 
for unskilled operators. Quickly reset for change in jobs. 
Suitable for Soldering, Brazing, Hardening, Annealing. 


TYPICAL APPLICATIONS 


Soft Soldering: Fuses, cans, cigarette lighters, 


hypodermic needles. 


Silver Soldering : Feed pipe fittings, kettle elements, 
tricycles, radiators, turbine blades, tubular furniture, 
household water fittings. 


Brass Brazing : Engine fittings, bicycles. 
Copper Brazing : Tungsten carbide tool tips. 
Annealing : Copper pipes prior to bending. 
Normalising : Chain links, steering columns. 
Hardening : Saw teeth and bearings. 


We also stock High Frequency Induction and Dielectric 
Generators : Resistance Soldering Machines and Handtools ; 


Electric Soldering Irons ; Solder. 
<<tANf (o> 


Enquiries to 


Standard Telephones and Cables Limited 


(HEAT TREATMENT GROUP) 
INDUSTRIAL SUPPLIES DIVISION 
FOOTSCRAY . SIDCUP . KENT 


oo Em be FOO Gray 111) Samaras 
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CARBO-NITRIDING 


This Wild-Barfield Shaker Hearth Furnace, for the case-hardening of steel 
by the Carbo-Nitriding process, is designed to pass the work automatically 
through two or more precisely controlled temperature zones, 

by means of a shaker mechanism, to the quench tank at the far 

end. Suitable work includes small components of equip- 

ment such as typewriters, sewing machines, cycles, 

calculating machines, etc., and small gears, grease 

nipples, self-tapping screws, washers and similar mass 

produced parts. Carbo-Nitriding can also be carried 

out by means of Wild-Barfield Batch 

Furnaces or Rotary Drum Furnaces. 

With all three types, the process 

achieves reduced distortion and 

cracking; a high degree of con- 

sistency of case depth and composi- 

tion; it requires only unskilled 

labour ; there are no salts to handle ; 

and working conditions are clean. 

Full details will gladly be supplied 


on request 


eLecraic 


RHeLD 


FURMACES 


WILD-BARFIELD 


ELECTRIC FURNACES 
for all heat; trealimert prrysoses 


WILD-BARFIELD ELECTRIC FURNACES LTD. 
WATFORD-BY-PASS, WATFORD, HERTS. Phone: WATFORD 6091 (6 lines) 
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a first class performance 


Wherever performance is of 
vital importance, it is safer to 
specify Weston Oil Seals before- 
hand... to make certain of 

a first class performance. 


it is always safer to fit 
WESTON OIL SEALS 


Write or phone for f formation to '- 


BIRMINGHAM 
MIDLAND 6952 


LONDON 
HOLBORN 0414 


Besides a clean surface, 
round wire must have 
enough softness to with- 
stand considerable cold 
deformation yet stiff 
enough for feeding 


Flattened wire must have 
good weldability and 
ductility, with a stiffness 
that will ensure a precise 
spark gap over long pro- 
duction runs 














with precise 
properties and temper 


The melting, rolling and drawing of spark-plug 
alloys presents no great problem. It is another 
matter to provide a wire with just those physical 
properties and temper which a spark-plug manu- 
facturer requires. That involves more than 
normal knowledge and normal care. 

We think we can offer very practical assistance in 
finding satisfactory answers to your own spark- 
plug wire problems and we will welcome your 


enquiries, 


BRITISH DREVER-HARRIS co., Lip. 
MANCHESTER 15 


‘THE ELECTRICAL ALLOY DATA BOOK’ 


This isa most useful general reference. 
Copies on request. 
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KI NAL aluminium alloys 
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Above are typical lorry body assemblies using ‘Kynal’ aluminium alloy extrusions, 
Strength, lightness, durability, cleanliness, low The Technical Service and Development Depart- 
maintenance costs — all these advantages can be ments of I.C.I. Metals Division will be pleased 
derived from the use of ‘Kynal’ aluminium alloys to advise on all problems relating to the 
application of I.C.I. aluminium alloys. | j 


= 
a lll cal 


in road transport construction. 














— 


IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.1 


M.27% 
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-ee- but no brake 
on production ! 











Presswork and sub-assemblies for the automobile indus- 

tries are a speciality, but we also cater for all kinds of 

other trades with the same promptness and efficiency. 
Our service is modern and adaptable and we deliver the goods 
on time, thereby causing no irritating production delays. 





GIRDEX 


MACHINED PARTS + WELDED ASSEMBLIES 
COMBINED PRESSWORK AND MACHINING 


GIRDEX ENGINEERING COMPANY LIMITED 
WESTON LANE TYSELEY BIRMINGHAM 11 


Telephone : ACOcks Green 2205 Telegrams : GIRDEXPRES 


ome «UPTO N2%HP 
Tita §=PROM STOCK: 
SPEED GEARS eres 


MOST WIDELY USED OF ALL 
MECHANICAL VARIABLE SPEED GEARS 


TROLLING 

E SPEED GEAR cer. CARDING 

VARIABLE Tor A FELT JO iagte 

THE ga a prive us ree 
enenut sreeos OF 24 


a ’ ACCURATE SMOOTH SPEED ADJUSTMENT 
L.N.D. certainly knows what he ANY METHOD OF CONTROL LOCAL OR 


istalkingabout. Lewisof Redditch REMOTE 

design springs to do just the job MAINTENANCE NEGLIGIBLE 

ou want, and they turn them 

y ‘Peay LEAVE /T T, UNBREAKABLE FABRICATED STEEL CASE 


out from top quality materials ag 
so that they will last as long as / Ae 

) sagas ss 5 A mH 
your product. Ie might be worth ASK FOR PUBLICATION 0.6. 5/1 ‘feta Se GEARS FITTED paths 
while to have a word with us, OF AEDOITCH 4 VARIABLE spree fo CONTROL oniv 
don't you think? YOU REQUIRE A V/$ GEAR FROM STOCK ecTric REMO G MACHINE 
RING BRADFORD 65251 EXT. 71 et a pROCESSIN 


Estab. 1919 A.D. approved a nusse 


THE LEWIS SPRING CO., LTD., RESILIENT WORKS, REDDITCH 
Telephone : REDDITCH 720/1/2. Croft 


Telephone : HOLBORN 7479 & 7470 
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They all use 
Bonded Rubber to Metal Parts 


MANUFACTURED BY 


Gam\ Firestone © 


ge } EXPERTS IN DESIGN 
| ((ommer AND PROCESS 


te 


J | sOweETT Ff 























ee 
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Firestone Tyre & RuBBER Co. Ltp., Great West ROAD, BRENTFORD, MIDDLESEX 
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and it may 
‘cost you money. 


Faulty ignition, indifferent lighting, inefficient 

* IN ALL METALS | charging, all cause delay and consequent loss 
of money. At the first sign of any of these 

cee danger signais, do the wise thing, have your 
As specialists in the production of precision crack ‘takes th ET, the Sie, 


pressings for the leading automobile and Dependable Auto Cable. 

commercial motor manufacturers we are AERIALITE LTD., STALYBRIDGE, Cheshire 
well equipped to handle all your 

requirements. 


n E.JENXS & GATTELL | 
; “4 / / 














endable 
SSO CABLE 
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The radiator grille of the Rover 75 is in 
anodised Birmabright BB2 alloy. Made by 
J. Fray Ltd. BB3 alloy has been chosen 
for the doors, bonnet and boot 

lid of this elegant car. 


HHA: 7 


LIGHTER... STRONGER... NEVER-RUSTING 





-)B: ring us your problems e s 
Our Technical el will be gla Bl rm abri ght 


to answer, fully and frankly, any questions 
on the use of aluminium alloys in engineer- Registered Trade Mark 


ing or manufacturing processes. Please write eid . ~,. : 
lhe Pioneer . {uminium-Magnesium Alloy 


or telephone. 











BIRMABRIGHT LIMITED BIRMINGHAM 32 BIRMETALS LIMITED 


BeMil 
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HE ZINC ALLOY DIE CASTERS ASSOCIATION 
includes all the leading zinc alloy die casters in the U.K. 
The Association and its Members welcome all enquiries on 
the properties, design and application of the castings. Prob- 
lems are submitted anonymously to the experts on its 
Technical Committee whose verdict is impartial. A list of 
publications will be sent on request. Enquiries regarding 
the supply of castings should be sent to Members whose 
names are given below. The Association is a non-trading 
body and is in no way concerned with any questions of price. 


FULL MEMBERS Firms mainly engaged in the pro- 
duction of castings for general sale. 


ADVANCED PRESSURE DIE- JOHN IRELAND WOLVEI 
CASTING CO. LTD., BPHAM HAMPTON) LTD., WOLVER 


MP IN 

ALLOY PRESSURE DIE PRO HAMPTON 

DUCTS LTD. WILLENHALL JACKSON, HEYWOOD & 
L 


rp WHITEFIELD, 
THOMAS oe & CO ( 2 
LTD., BURNI MANCHESTE! 


KAYE ALLOY CASTINGS 
AVON DIECASTING CO. LTD., O 
BIRMINGHAM LTD., BIRMI NGHA 
BIRMINGHAM ALUMINIUM 
CASTING (1993) CO. LTD 
BRITISH DIE CASTING & 
ENG. CO. LTD., LONDON 
BURDON & MILES LTD., ( 
ENFIELD HIGHWAY, MIDDX LONDON 
CHASE NON-FERROUS SPARKLETS LTD LONDON 
METAL CO. LTD., ENFIELD STREBOR DIFCASTING CO 
DIE CASTING MACHINE LTD., RADCLIFFE, LANCS 
TOOLS LTD., LONDON UNIVERSAL ENGINEERING 
DYSON & CO. ENFIELD (1919 CO., NOTTINGnAM 
LTD., ENFIELD WESTERN DIECASTING LTD., 
FRY’S DIECASTINGS LTD. BRISTOL 5 
LONDON WOLVERHAMPTON DII 
GILLS PRESSURE CASTINGS, CASTING CO. LTD., WOI 
BIRMINGHAM VERHAMPTON 


METAL CASTIN¢ 

WORCESTER 

IRB ENGINEERING WORKS 
D., MANCHESTER 


( 
LI 
PATENT DIE-CASTINGS CO 
LTD 


ASSOCIATE MEMBERS Firms mainly engaged in 
the production of castings for use in their own products. 
ACME WRINGERS LTD., LAN-BAR LTD.,BIRMINGHAM 
vecepaanateties JOSEPH LUCAS LTD., BIR 

. -! f ) 
AC-DELCO (GEN. MOTORS MINGHAM 


LTD), DUNSTABLE 

ARMSTRONG'S PATENTS CO MECCANO LTD., LIVERPOOI 

srk BEVERLEY, YORK METTOY CO. LTD., NORTH 
iW AMPTON 

ren: Rees eae PHILLIPS & CROSS LTD., 


1 
( 
MINC SADA BIRMINGHAM 


BLETCHLEY ENGINEERING 
CO. LTD., SLOUGH RAWLINGS MANUFACTUR 
NG CO ) N 
BRITISH THOMSON-HoUs- —-'NG ©. ETD. LONDON 
TON CO. LTD., BIRMINGHAM SHAW FOUNDRY CO., WIL 
WM. COUL THARD & CO LENHALL 
LTD., CARLISLE STANMORE ENGINEERING 
EVERED & CO LTD., SMETH- CoO, i2D STANMORE, 
WICK MIDDLESEX 
CHARLES HILL & CO. LTD., Tr, DEYELOPMENTS 
BIRMINGHAM 0 tonpone” ’ 


INGALL, PARSONS, CLIVE & 
CO. LTD., BIRMINGHAM WITHERS (WALSALI fg ee 


WALSALI 
ARCHIBALD KENRICK 
& SONS LTD., WEST BROM YALE & TOWNE MANUFA( 
WICH TURING CO., WILLENHALI 


Tata) 
ZING ALLOY DIE CASTERS ASSOCIATION 


Lincoln House, Turl Street, Oxford. Telephone Oxford 48088 








Worm Drive 
he slots are pierced right 
through the band, thus 





Cornelis Type V.H. Thread Generating Machine cuts production 
time 

This new precision high production Machine is the perfect answer 
for makers of aircraft, machine tool, motor car, and instrument 
parts. It is the result of 55 years’ experience in the manufacture 
of thread generating machines. 

Fully Automatic, easily operated, quickly adjusted, produces any 
thread and eliminates indexing with multi-start threads. One 
leading machine tool manufacturer using one of these machines 
has reduced the production time of threaded components by 
25 Full details available on request. 


].B. MACHINE TOOL CO. LTD. 


312-314 Bradford Street, Birmingham 5, England. 
CABLES: “JABEMACHIN "’ TEL: MID 4375-6 





9 
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Head Office : KINGS ROAD + TYSELEY * BIRMINGHAM If 
Works :. GRANGE WORKS +» CWMBRAN - MON - S WALES 


GIRLING LIMITED 
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Stratosphere or Ocean depths .. . 


there are no limits to the “uses of 
LINDLEY Bolts. Accurate to the 
finest degree, the right bolt, nut or 
set screw for every project is avail- 
able in the LINDLEY range. 











BOLTS & NUTS 
Cc. LINDLEY & CO. LTD. 


ENGLEFIELD ROAD, LONDON, N.1 Phone: Clissold 0643 


Announcing the NEW 
MAVITTA DRAFTING MACHINE 


G.E.C. ‘Fractionals’ will make a | The MASTER 


/ bee-line of your production line and | 
| 
) show you the shortest way between | The most modern and efficient Drafting Machine yet 
~ 


the start and finish of every job. | evolved. 
Like busy-bees, they are tireless 
workers who will help your factory @ New Index head gives 360° cover. 


to become a hive of | : ; j 
: ecome a hive of industry @ Push-button location of angles with automatic 
Phone your nearest G.E.C. agent ; 

; selection at every 15. 
and start your own ‘ bee line’. 





@ New system of linkage. 


|  @ For all horizontal or counter balanced boards. 
Also Drafting Machines, Drawing Stands, Boards, 
* @ é Adjustable Lamps, Mathematical Scales. Write for 
ee ae 


particulars: 


Fractionals MAVITTA DRAFTING MACHINES 


THE MAVITTA DRAFTING MACHINES LTD., 
Highlands Road, Shirley, Nr. Birmingham. 








THE GENERAL ELECTRIC CO. LTD 
MAGNET HOUSE - KINGSWAY - LONDON - W.C.2 | Tel: Solihull 2231-2 Telegrams: Mavitta, Birmingham 


132 AUTOMOBILE ENGINEER, June 1953 








ont 
HY ' + +++ 











+++ 4 
be pp tg 4 tt pt tt te 
4 444 4 





re ee 


ing’s 


ted 


imi 
et 








ast 
Bowmansgreen 2266 





Consult JOHN DALE hi 


« 
Telephone : 


ty D 
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JOHN DALE LTD. (DEPT. TS.3), LONDON COLNEY, ST. ALBANS, HERTS. 
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known Oil Filters. John Dale Aluminium Alloy 
Gravity Die Castings have achieved these results. 


are essential for the filter heads of these well- 
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about Alum 





introduce 


TWO NEW 
FILTERS) 


fisibh 


B.1681 VISIBLE 
FILTER 


FOR COMMERCIAL 
VEHICLES 


A line filter with a 4” BSF 

+t” long stud fixing at the 
top for fitting to a buik- 
head, witha bracket whichis 
suppiied with each unit 
Ref Pipe Union 
No Size Type 


BI681A i Solderiess 
20/- \ ) presi | 
i, 


Soldered 
RETAIL 


1124 VISIBLE 
FILTER 


STATIONARY 
ENGINES 


A line filter with a fixing lug with 
hole for 5" bolt 


Ref Pipe Union 
No Size Type 
11244 1° 0D Solderiess 
11248 4° OD Solderiess 
1124C «34° OD 
1124D 5" O.D 


RETAIL 


Soldered 
Soldered 


Order through your local garage, but of you 
any difficulty, contact the manufacturer 


BENTON & STONE LTD., ASTON BROOK STREET 
BIRMINGHAM 6 











THE )|)wimel‘t RANGE OF HIGH 
QUALITY SPECIAL PURPOSE 
STEELS 


SPFCTIAI ALLOY AND CARBON STEELS, 
Black Rolled, Bright Drawn or Smooth 
Ground, in the Heat Treated or untreated 
condition 
FREER CUTTING STEELS, HEATING RESISTING 
STEER! DIE STEELS, SHEAR BLADE STEELS, HIGH 
PEED TOOL STEELS, STAINLESS STEELS, VALVE 
STREI 

DUNELT Hollow Steel Bars with 
holes of maximum smoothness assured by 
the DUNELI Patent Austenitic 
Proce ire available in rounds fin. to 

4in. diameter, holes fin. to xin 
diameter, in lengths up to 40ft 
Square Octagons and 
Hexagons are also 


available 


Bars in 
diameters in 
to 9Yin., lengths 
up to Jit 
supplied with 
bored holes jin. 

and upwards 


DUNFORD & ELLIOTT 


LSHEFFIECO) LIMITED 


Head Office : Attercliffe Wharf Works, Sheffield 9 
Telephone Nos.: 41121 (Slines). Telegrams: ‘‘Blooms, 
Sheffield, 9.’" Branches at London and Birmingham. 


ENGINEERING DEPARTMENT—HEAT TREATMENT DEPART- 
MENT—BRIGHT DRAWING DEPARTMENT, Attercliffe : 
ROLLING MILLS, Atctercliffe, and Clay Wheels Lane, Wadsley 
Bridge, Sheffield. 





Cary springs, made for all s of road vehicles—from the private 
car to the heavy lorry—are of the highest quality and incorporate 
the skill and experience of over 100 years of spring making. 

For the quantity production of coil we for car suspension a 
modern factory has been equipped with facilities of the latest type 
including centreless grinding shot peening and crack detection. 


WILLIAM. E. CARY Lip. 
RED BANK - MANCHESTER 


Telephone: DEAnsgate 7881 (10 lines 
Telegrams: Carybank, Mancheste: 
Also at 
SALFORD, GLASGOW, LONDON & COVENTRY 


JNA m0 
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Where Austin’s 
use Permacel 
Adhesive Tapes 


Photo taken in the A rice Dept 
Like so many famous firms the Austin Motor Company Ltd. 
find Permacel Masking Tapes ideal for every job) which has 
to be masked for spraying or protected during transit. 
Permacel Masking Tapes adhere instantly—and firmly. They 
strip easily and absolutely cleanly. To make quite sure of 
this, Permacel Crepe Paper Masking Tapes are ‘Double- 
Bonded’, This Johnson & Johnson proce employs a 
special varnish which locks the adhesive permanently to the 
ver ‘peel’, 


hacking material. Permacel Tapes, therefore, ne 


They suit the simplest and most irregular contour Thes 
negotiate the trickiest curves with ease. They take the 
rough with the smooth. They are immune to attack by the 
chemicals and solvents normally used in paints and dopes. 
\dd all these points together, and you will see immediately 
that Permacel is a most efficient Tape. 


For samples and quotations write to 
(GT BRITAIN) LTO bt IGM. BUCKS 


136 








R 300 VARIETIES 
if 20 type 


B 


Basic Designing — Fiexello castors and 
wheels are carefully designed by specialists to form 
the basis of a multitude of jobs in the Automobile 
industry, and each one is constructed with the 


endfor the new PROTA 


Send for the new 
catalogue — the most 

FLEXELLO CASTORS & WHEELS LTD. Trading Estate, Slough, Bucks 
Telephone: Slough 22271 & 24121 (6 lines) 


comprehensive in Europe. 


PRESSWORK AND ASSEMBLY 


BLANKING, DEEP DRAWING, WELDING 


Blanking up to 24” » 18”. Drawing up to 8” depth. 


All types of presswork up to 200 tons capacity. 


SAMUEL GROVES & Co. Lt. 


MUSGRAVE ROAD, HOCKLEY, BIRMINGHAM, 18 


Telegrams : 


Telephone 
Sevorg, B'ham 


NORthern 3634/5 
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Thin-wall bearings ? 


A Glacier speciality... 


of the highest precision and 


unbeatable performance 


There is certainly no company which has given more thought than Glacier to the 
development of plain bearings — thin-wall, thick-wall, in all bearing metals. That, 


for years, has been their particular field. 


GLACIER Gime 


plain bearings 


REGD. TRADE MARK 


THE GLACIER METAL COMPANY LIMITED, ALPERTON, WEMBLEY, MIDDLESEX 


MAKERS OF GENUINE THIN-WALL, THIN-WALL MICRO AND THICK-WALL BEARINGS 


AUTOMOBILE ENGINEER, June 1953 





GARRINGTONS LIMITED 


DARLASTON & 
» BROMSGROVE 


Carobronze thin-walled 
tubing for thin-walled 
small-end bushes 


— of course 


ECONOMY IN METAL 

ECONOMY IN MACHINING 
combined with 

HIGH LOAD CAPACITY 


MAXIMUM RESISTANCE TO WEAR 
EXCELLENT PHYSICAL PROPERTIES 


CAROBRONZE BRAND COLD DRAWN 
PHOSPHOR BRONZE TUBING 


CAROBRONZE LTD. Telephone : 
School Road, CHiswick 0245 


Belmont Road, Telegrams: 
London, W.4. Carobronce-Chisk, London 








BEADED ON THREE SIDES 
AND REINFORCED WITH 
CANVAS THROUGHOUT 


HERMETIC RUBBER CO. LTD. 


HERMETIC WORKS - RYLAND ST - BIRMINGHAM 
PHONE EDGBASTON 09854 Gstablished 1895 GRAMS HERMETIC sanenaes 
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A finishing process economical and super accurate. 


Super finish to $—-}) micro-ineh 


from 4-7 micro inches (as ground) 
obtained in’ two passes by the 
S.b. centreless method AND Al 
PRODUCTION RATES, Capacity 


up to 14” diameter, 


Full particulars from: 


CHARLES 


CHURCHILL 


& CO.LTD. 


COVENTRY ROAD ’ SOUTH YARDLEY ‘ BIRMINGHAM, 25 
ALSO AT LONDON, MANCHESTER, GLASGOW AND NEWCASTLE-ON-TYNE 


MANUFACTURERS 


PERATOR 
ONE crenction Geo. TUCKER EYELET Co. Ltd. 
Walsai!l Road : BIRMINGHAM, 22 
CONSULTANTS & TOOL MANUFACTURERS AIRCRAFT MATERIALS LTD., MIDLAND ROAD, LONDON, N.W.1 


THE MODERN SYSTEM OF RIVETING 


Holdens 
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“SHAKEPROOF 


REG. TRADE MARK Nos. B611535 


LOCK WASHERS AND 
LOCKING TERMINALS 


British Patents Nos..406556- 518146 


with the tapered twisted 
teeth that lock tighter 
under vibration 


Note the independent tooth form 






































A265 





AMAL LTD - HOLDFORD ROAD - WITTON - BIRMINGHAM 6 





Manufactured from high 
carbon spring steel, hardened 
and tempered, also avatlable 
in phosphor bronze. A.I.D. APPROVED 


Typical castings in gunmetal, phos 


BARBER & COLMAN LTD | phor bronze, manganese bronze 
| 


and aluminium bronze for aucomobile 


MARSLAND BD-BROOKLANDS-MaNcHesTER ( MRULUCGAUMR | | sade teerion 


T 
TELEPHONE: SALE 2277 (3 LINES) PRODUCTS 


Factors’ and Dealers’ enqu 
Wm. Clark (Spare Pores) Led., 438 Harrow Road, London, W.9 





| TELEPHONE 


TELEGRAMS: ‘“‘BARCOL’’ SALE | WHYTE £ COLLINS ITD | 


STOKE-ON-TRENT 48107 


TELEGRAMS 


KELVIN WORKS FENTON-STOKE-ON-TRENT ais oys sroxe ON TRENT 
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Maanedic- Chucks 


IN STANDARD SIZES OR i 
YOUR OWN SPECIFICAT! 


type 
Our catalogue will help you select a tyP 


own needs. 


Write for your copy today. 


J. H. HUMPHREYS & SONS, BLACKRIDING ELECTRICAL WORKS, WERNETH, OLDHAM. PHONE: MAI 1651. 








HIGH SPEED 
AUTOMATILS 


Modern machinery and mass 
production methods give you top 
quality capstan and automatic 
work and sheet pressings 

at a price you are sure 


to like—and on time. 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 


EMPIRE WORKS : PARK ROAD : BIRMINGHAM 18 
Telephone : NORthern 6221. 
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try 


There’s gold in the sea. . . In a thousand million pints of 
sea-water there may be as many as 250 pints of gold. Now 
gold, by the pint, is lovely stuff. So why don’t we all get after 
it? Well, you see... it’s just a little bit difficult to extract. 

In hundreds and hundreds of manufacturing processes, 
solvents are used-—and wasted. They just float off into the air. 
Now solvents are expensive things, so why don’t we pull 
them back again? Goodness knows... because, with Active 
Carbon, it’s just too easy . . . There’s gold in the air! for the 
man who reads about Active Carbon and Solvent Recovery, 


and telephones 6YJFCLIFFE SPEAKMAN 


AND COMPANY LIMITED, LEIGH, LANCASHIRE. TEL: LEIGH 94, 
LONDON OFFICE: 2 CAXTON ST., WESTMINSTER, S.W.1. TEL: ABBEY 3085 


fir-cooled light alloy two-stroke 
cylinder showing the bore Monochrome 
processed (without intermediary deposit) 
with perfect oil control provided by the 
HONEYCHROME cellular surface 


LIGHT ALLOY TWO-STROK! 














P.V.C. WING PIPINGS, as supplied to leading motor 
manufacturers and body builders at home and abroad, 
have proved that plastic materials survive the severest 
tests. Whether as standard fittings used as wheel arch 
pipings or specially designed joint mouldings our sections 
are guaranteed to meet your particular requirements. 
Extrusions are our business — not just a department. 


Please write for brochure on extrusions for the motor industry. 


C. & C. MARSHALL LTD. 


STUDLEY ROAD + REDDITCH + WORCS PLASTRIP HOUSE 
OAKLEIGH ROAD NORTH, LONDON, N.20 


Telephone: Hillside 5041 (3 lines) Cables: Tufflex, London 
Telegrams: Tufflex, Norfinch, London 


Telephone: Studley 121/2/3/4 








GLOVERS 


AUTOMOBILE ENGINEER, June 1953 





Y CONTROL 


at all stages of manufac- 
ture ensures a trouble 
free product. .. . the 
reason why most manu- 


facturers use High Tensile 


Cylinder Head, Gear Box 


and other Studs made 


by 


YARWOOD INGRAW C11 


PARKER ST. BIRMINGHAM. 


TELEPHONE: EDS baston.3607. 


Every move the passenger makes, every move the 
vehicle makes, and every move you make on 
seating design, affects travelling comfort. 
TE XFOAM and HAIRLOK have been put 
to the most exacting tests under the severest 
operating conditions and have proved 
that seating problems can be overcome 
at the minimum cost. 
We shall be glad to collaborate with you 


on any seating problem. 


IDDESLEIGH HOUSE, CAXTON STREET, LONDON, 
Telephone: ABBEY 6722 
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ZAS PLASTICIANS 
h « WE'RE 


> MAGICIANS! 
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Woy, 
rn? 


When motor car makers 
Survey their ‘broad acres’ 
And look at the jobs on the band, 

it's simply fantastic 

Y How mouldings in plastic 


Will speed up the work that’s on hand 


Accessories, too, 
Come under review, 

Here plastics can help quite a lot. 

\ If you make or supply 


It's important to cr) 


“What it takes is what EKCO have got!” 


For dashboards and dials 

And wing ornament stvles 

( EKCO do tooling and moulding. 
With switches and knobs 

And much bigger jobs 


They keep the production 
lines rolling 


State the plastics position 


Re lamps or ignition, 






They'll be only too pleased 


/ hy’ 
y to advise. 


Malt 
There's no moulding problem 
That's likely to fog them 


Ly Or cause them the 


slightest surprise. 


/ 
/ 
? F 4 C 0 
——— / Ps 


PLASTICS 





Send for our fully illustrated brochure “ Plastics for Industry” 


E. K. COLE LTO., SOUTHEND-ON-SEA ESSEX 


(Members of the British Plastics Federation 















—— \ J 
m=) FARNBORO 
ONES 


ELECTRIC INDICATOR 









No complex 
electric  cir- 
cuits. Replace- 
ments are 
negligible. No 
glass compo- 
nents. Sim- 
plicity ensures ready understanding and manipulation 
without special knowledge. Very large diagrams. No 
Photography, thus saving time and trouble. Calibration 
Lines can be recorded while 
taking Diagrams. 





IE- 
JOBE DOBBIE M°INNES LTD 


a 
BROOMLOAN RD GLASGOW SWI 


LONDON 


MINNES 


Also at SOUTH SHIELDS - LIVERPOOL 





LOS DAERICATI 
FSS LARGE ee TEM 
eve HN Es CP 


Vist Fed" 


Made by Professionals for Professionals 
Tools of experience with inbuilt quality and long life. 
The Britool range covers Socket and Ring Wrenches for English, 





American, Metric and Unified Standards, Midget to Giant. 
Extractors and Service Tools in great variety. 


JENKS BROTHERS LIMITED RTOOL 


BRITOOL WORKS 
WOLVERHAMPTON, ENGLAND 





SusHeuURY. 
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Wallows Lane-Walsall . Staffs, leis: Masur noe 2 


Every process of manufacture of Spencer Tools, from 
melting to finish grinding is under one control. This 
close co-operation between steelmaker and toolmaker 


guarantees the efficiency of the finished product. 





SPENCER TOOLS 


FROM SPENCER STEELS 


STANDARD & 
SUPER GRADES 


SPENCER SPECIAL CUTTERS, REAMERS 


ST 


ol HOBS, DRILLS, FILES 


High Speed Steel and Tools 


‘TRIPLE CRESCENT "’ 
Alloy Tool Steels, Broaches, 
Stay Taps, Machine Parts, etc 


**CRESCENT"’ 
Tool Steel and Tools. 


WALTER SPENCER & CO. LTD., CRESCENT STEEL WORKS, SHEFFIELD, 4 


Telephone SHEFFIELD 25281 (2 tines) Telegrams ‘CRESCENT SMEPFIELO i 
AND AT LONDON BIRMINGHAM MANCHESTER 
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jy” 
KIRKSTALL 


BRIGHT STEEL BARS 


KIRKSTALL FORGE ENGINEERING LTD., LEEDS 5 


Telephone Horsforth 2821 











— a 


| 


| STOCK RANGE 
Anderton neparape 





for a sure way out 


of afixing problem ohn suc; ee 


ANDERTON SPRINGS LTD.,- BINGLEY - YORKSHIRE 





QUICK DETACHABLE PIPE COUPLING 


* 5 

AMEW OW ¢NE | 

/ (ff i /, C AC. CC | for use on trailers with tractor controlled he, Rotate sleeve for safety 
| 1 


L brakes. Body ‘A’ fixed on back of oc 
tractor, operation is as follows: Couplings rustproofed. Can be used 
Move sleeve ‘B’ back, this allows steel for vacuum or pressure. Standardised 
retaining balls to open and release cone by S.M.M.T.; in. general use in 
‘Cc’. When connecting, hold sleeve ‘B’ America. Safe working load of 4,000 
back while inserting cone Internal Ibs. per sq. inch. Can be supplied with 
spring then returns sleeve to “locked” an automatic shut-off valve. 


Seiden Maceo 6°. ya acre 2234 | FEENY 4 JOHNSON LTD WEMBLEY 


Also: London, Birmingham, and Mench | 
ee ee Telephone: WEMbley 4801/2 
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the cars... 


VAUXHALL MOTORS LTD have 
recently installed at their Luton factory four Metrovick 
Infra-Red ovens, arranged as two pairs. The first oven 
dries moisture off the car after water spraying and 
takes only FOUR MINUTES; the second oven dries any 
spotting of cellulose paint necessary before the finished car 
leaves the factory. The drying time in this oven is about 
THREE MINUTES. 


The basic element projector, shown below, is made in 
standard sizes, 18 in., 24 in. and 36 in. long, and special 
lengths can be supplied. The source of radiant heat is the 
Metrovick tubular-sheathed heating element, an industrial 


adaptation of the successful “ Redring '’ domestic element. 


Our Heating Element Department will be glad 
to discuss your heating problems, and the 
demonstration rooms at Trafford Park, 
Manchester and 132/135 Long Acre, London 
are open for inspection and the actual testing 


of samples. Send for Descriptive leaflet 703/7-1 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD., TRAFFORD PARK, MANCHESTER 17 
Member of the A.E.1. group of companies 


METROVICK Infra-Red equipment turns hours into minutes 


L/S201 


hich Potvers th, 
le 


7 Cast Alumininyy, Aloy S i] 
< 
u ip 


Aluminium Alloy 
Castings by 


WILLIAM MILLS 
LIMITED 
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2 a f y 
( For ) veellonce 





Engineers itting tools for every 


machining job. Manufactur rom the world 
famous MUSHET Brands o gh Speed Stee 
Remember Mushet Brar - 
good cutting 


SAM Ulta os 8 O AR WN & 
C LY Ome ae WoRKS, 





















MEKELITE 


@ Highest Quality 4 = 
@ Good Deliveries a ‘my GEARED xe JOINT 
@ Closest Co-operation r \ . ~~, INDUSTRIAL 






LIGHTING 
UNITS 


Manufacture 


at all stages of 7~ ; 
Design and \ oct? 
~ 
Aa 






m 

- GEORGE 
© 

~ \"" WEARING 

wr om LIMITED 


Carters Green Foundry, West Bromwich 


Phone : WES 0092 Established 1850 For wall, bench or machine mounting. Catalogue sent free on request. 
: sta ishec > 


MEK-ELEK Engineering Ltd., “sam 
17, Western Road, Mitcham, Surrey. 


G 














MORE SILENT AND EFFICIENT 










Silencers of all types, for Cars, Commercial Vehictes 


Grams : Perfecto -Glazebury 


Tractors and Marine purposes. 





Any type of Silencer made to your own specifications 





Straight thro’ — Two — Three and Six pass, also 


Standard Baffle Type. Enquiries cordially invited 








ENGINEERING COLTD 


ALBION MILL GLAZEBURY NR MANCHESTER 







Tel: Culcheth 2167/8 - Cul 3133. 
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SINCE 1807 





FULLER HORSEY 


SONS & CASSELL 
IO, LLOYDS AVENUE: LONDON -E.C.3. Phone ROYAL 486! 








GEAR TOOTH ROUNDING 
and CHAMFERING MACHINES . 


Automatic Operation, High Produc- 
tion Rates on External and Internal 
Gears, Starter Rings, etc. 











— ~ 
Pe ade Aj 
he 9 f 


ENGINEERING CO. LTD. 
COVENTRY ouone COVENTRY 88641 
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Rathhone 


We also manufacture Rotary Cam 
and Profile Milling Machines, Short 
Thread Milling Machines Multiple 
Drilling Heads and Machines, Tapping 
hines, End Facing and Centring 

es, Special Machine Tools for 


Rathbone] 1664 


149 





. “They. hadn't... . But YOU CAN HAVE 
ise, the many benefits 


CAMCOL” 


DRAUGHT EXCLUDERS 
HIDEM BINDINGS 
WING PIPINGS 
WELTINGS ETC 


Manufactured by 


H. G. GRAHAM & SON LTD. 


CAMCOL HOUSE, DORRINGTON STREET LEEDS 2 


Factories 
19/24. DORRINGTON STREET | 
and PERSEVERANCE MILLS 
Tel 22841 (2 Lines) 


LEEDS 


London Office 
; 30. Leysian Buildings. 112, City Rd EC 1 


> "i 
Meremnt Telephone Clerkenwell 9150 


Resident Representative Mr. D. A. ATKIN, 9, Queens Road, Coventry. Tel.: 5038/9. 


CONSISTENT ACCURACY... 


..tn precision aute-turned parts 


Trouble-free assembly is guaranteed by first class workmanship 
and modern plant. Quantity production of parts turned to your 
own specification, up to a maximum diameter of 14”, A.R.B. 
Approved. 


NORTHERN AUTOMATIC SCREW CO. > 
GOLF ROAD-HALE-ALTRINCHAM- CHES - PHONE: ALT-2164-2497 


THOR#-<-° HAMMERS ¢ MALLETS 


Prevent damage to the part struck 


CBS E7 T 


RAWHIDE HAMMER COPPER HAMMER RAWHIDE & COPPER RAWHIDE MALLET PLASTICHAMMER CELLULOSE HAMMER 





D3 





Illustrated above are some standard types in general use. Other types are made for special purposes. 
Send us particulars of your requirements, and we will submit free test sample of the most suitable size and type 


THOR HAMMER COMPANY - SALOP STREET - BIRMINGHAM 12 
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he new 30-100 tons Scammell 
six-wheel drive Constructor 
is powered by a Rolls-Royce 
model C6.NFL Oil Engine. 


ROLLS-ROYCE 


OIL ENGINES 


R O L L Ss 


B.B.T. 

Ideal for a 
machine shop 

like this 


Here is Busbar Trunking, the 
modern method of electrical dis- 
tribution, inits naturalelement—an 
up-to-date machine shop with a 
close-packed bank of drilling 
machines. Old ideas of electric 
wiring have given way to B.B.T. 

bare copper busbars enclosed 
and protected by a steel duct. This 
trunking is made in 1 2ft. lengths, 


easily extended in any \ 


direction; every 2ft. 
length there is a tapping 
point into which the 
nearest load can be 
plugged by means of a 
fused tapping box. 

For specifications and 
prices, write for 
Catalogue B.B.T.102. 


G. M. ENGINEERING (orrenry st. mary) LTD., 1, Victoria Street, London, $.W.1 Tel: ABBEY 5095 Cables: Busbar, Sowest, London 


ADVANTAGES 
OF BUSBAR TRUNKING 


@ Can be installed in advance, since exact 
position of machines need not be known 

@ Motorised machinery can be rearranged 
at will with a minimum of rewiring and 
production loss 

@ Readily extendable to meet additional 
demands 

@ Totally enclosed, steel clad and fire resis- 
ting, neat in appearance 

@ Loading capacities 300, 250 or 175 amps 





OTTER MILL SWITCHGEAR 
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CLASSIFIED ADVERTISEMENTS 


RATE 4d. per word, minimum 4 - Each 
paragraph charged separate y Box number 
S words-pus I Advertisements for the 
Ju'y, 1953, issue should be to hand not later 
than first post June 24th No responsibility 
accepied for errors 





lhe engagement of persons answering these 
advertisements must be made through the local 
office of the Mimstry of Labour «nd National 
Service etc. tf the applicant is a man aged 
18-64 or a@ woman aged 18-59 inclusive, unless 
he or she or the employer 1s excepted from 
the provisions of The Notficaton of Vacancies 
Order, 1952 


SITUATIONS VACANT 
VERY experienced Automobile Designer is 
5 required by an old-established Coventry firm 
for an interesting new project. Experience of the 
design of complete chassis including engine and 
transmission is essential 


PLEASE give summary of experience and salary 
required. Reply to Reference MC, Box 5815 
¢/o Automobile Engineer [4675 


RMSTRONG SIDDELEY MOTORS Car 
. Division have «a vacancy for a_ highly 
experienced Automobile Designer with consider 
able experience in the design of complete chassis 
including engine and transmission 
puis position offers interest and scope for 4 
man of cons.derable experience and initiative 
Reply fully in strictest confidence to Reference 
MC2, Armstrong Siddeley Motors, Coventry 
[467 


( ‘OLOMBO — Plan Technica! Co-operation 

Scheme The Commonwealth Relations Office 
invite applications for the post of Principal of 
Bhavsinhy Polytechnic Institute Bhavnagar 
Bombay Region). India Duties Administration 
of Institute, with some teaching Applicants 
should have suitable qualificatons in automobile 
eogineering and vocational education 


I)! RATION three years. Salary £1,400 pa 

with tax free allowance of £1,410 per annum 
lor a married man, £890 if single Children’s 
allowance if appropriate ree furnished accom 
modation or allowance in leu Free medical 
attention free passages for appointee and 
dependants Application forms and full details 
from Ministry of Labour and Nat onal Service 
A S.12), Almack House, 26, King Street, SW. 
quoting A.1l2/184E 53 46%. 


w! NIOR DESIGNER 
, 
R! QUIRED with experience of heat exchange 
problems. Capable of designing radiators for 
heating or cooling installations for industrial 
purposes or vehic'es, and able to control a small 
section of Drawing Office on such problems 
Write giving particu'ars of age experience and 
sulary required to The Ch.et Engineer, Messrs 
Clayton Dewandre Company Limited Pitan's 
Works, Lincoln [4678 


4 UTOMOBII EK Engineer. Joseph Lucas Ltd 
4 require a first-class engineer to take charge 
of the section of their laboratories dealing with 
iMvestigations into the starting of 1. eng nes 
under low temperature condit.ons and = allied 
problenis This position provides an excellent 
opportunity for a young energetic engineer wath 
previous engine testing experience pre erably 
meluding cold room work. Applicants shou'd have 
an eng.neering degree and should be not older 
than 35 years of ape P.case reply stating quali 
fications experience and age to Personnel 
Manager, Joseph Lucas Ltd, Great King Street 
Kirm.ngham {4679 


\ TELL-KNOWN North of England Motor 

Manulacturers require experenced Car 
Designer, Droughtsmin Write in first ims‘ance 
vw ving full details of age. qualifications, experience 
and salary required to Box 7492, © 0 Au'cmobile 


l:nginece! [4684 


COTTON BAGS 


FOR SPARE PARTS Etc. 
Walter H. Feltham & Son Ltd 


imperial Works, Tower Bridge Road 


Telephone : HOP 1784. LONDON, S.E.1 


BS 


SHEET METAL MACHINERY - MACHINE TOOLS - WOODWORKING MACHINERY 


SITUATIONS VACANT 
echnical Representative. A progressive 
offered to a candidate having tech 
rience of commercial vehicle trans 
und established sales contacts with 
and fleet users of goods and 
ice vehicle Phe positon carries 
ommensurate salary and applications 
sddressed to General Manager, Eaton 

Victoria Road, Warrington 











BALL CATCHES 


for the AUTOMOBILE 


“ag ate? =———— 
Made to custom 
in any quantity: 
precision P 
any metal, 
are not 


the bar 


ts from 
ws hose 


For 
in 


which 
cold head or FO 
consult 


par 


process 


ded 
\\threa alist 


the spec! 


machinists. 


M.C.L. & REPETITION LTD. 


POOL LANE - LANGLEY - BIRMINGHAM 


Telephone : Broadwell 1115 (4 lines) and 1757. 








Gel a GRIP on Things 
“< tent | 
Alt : 


FORTIS TOOLS LTD 91 STATION ST., BIRMINGHAM 5 
or your local dealer - 


SITUATIONS VACANT 

jf OTOR Engineer required by large operator 
‘ for road veh cle ma.ntenance. Age 25-30 with 
technical qualifications not less than HN and 
with good practical experience. Interview London 
appointment involves travelling App.y to Box 
7491, c/o Automobile Engineer, giving details of 
qualifications and past experience 
REPLIES will only be sent to those selected for 

interview [4681 


[DESIGNER Draughtsmen and detail draughts 
men required by N.W. firm for development 
work. Knowledge of vehicle design, hydraulics 
electrical equipment or mechanical handling 
desirable. ‘echnical qualifications to H.N.C 
standard. Write stating age, experience and salary 
required to Box 7589, c/o Automobile Engineer 
[4685 


(THE Villiers Engineering Company Limited. 

Marston Road, Wolverhampton, well-known 
manufacturers of two- and four-stroke internal 
combustion engines, require the services of an 
experienced Designer/Draughtsman for internal 
combustion engines and transmission work. A 
Degree or Higher National Certificate in Mech- 
anical Engineering is desirable. The position 
offers unique opportunity and scope for a suit 
able man. A good salary with future prospects 
together with Staff Superannuation scheme is 
offered. Apply in confidence giving full particulars 
of education, experience, age and salary required 
to: Personnel Manager, at above address. [4686 


[ PRAUGHTSMAN Senior, with automobile 
experience, for work on new project 

I ARRY FERGUSON RESEARCH LTD 
Fletchamstead Highway, Coventry (4608 


PATENTS 
‘THE proprietor of British Patent No. 877425 
entitled “ Improvements in Spring Suspension 
for Vehicles,’ offers same for licence or otherwise 
to ensure its practical working in Great Britain 
Enquiries to Singer, Stern & Carlberg, Chrysler 
Building, New York 17, N.Y., U.S.A (4683 


‘T.HE Proprietor of British Patent No. 586166 

entitled “ Back Siphonage Prevention. Anti 
Back-Flow and Vacuum Breaking Valve and 
Method of Operation,”’ offers same for licence or 
otherwise to ensure practical working in Great 
Britain. Enquiries to Singer, Stern & Carlberg 
14 East Jackson Boulevard, Chicago 4, Illinois 
U.S.A (4664 


‘(HE Proprietor of British Patent No. 617228 

entitled ‘‘ Improved Clutch for Controlling 
Electrically the Mechanical ‘Transmission ot 
Power,” offers same for licence or otherwise to 
ensure practical working in Great Britain. Enquiries 
to Singer, Stern & Carlberg, 14 East Jackson 
Boulevard, Chicago 4, Illinois, U.S.A [4666 


"THE Proprietor of British Patents Nos. 615623 
and 614633, entitled “Gas Testing Apparatus’ 
and “ Exhaust Gas Analysis Apparatus,’ respec 
tively, offers same for licence or otherwise to 
ensure practical working in Great Britain 
Enquiries to Singer, Stern & Carlberg, 14 East 
Jackson Boulevard, Chicago 4, Illinois, U.S.A 


CAPACITY AVAILABLE 
( ‘ERMAN factory fully experienced in produc 
tion of high precision components for 
automobiles and engines, heat-treating and grinding 
a speciality, can quote orders at reasonable prices 
and short delivery. Has experience of English 
sub-contract work and fully equipped to deal 
with English threads and limits Enquiries to 
Brauer, Schreyerstrasse 13, Kronberg i, Taunus 
Germany (4672 
BOOKS 

I ARDFACING by Welding. By M. Riddi 
hough, M.Met., A.R.I.C., F.1.M. A prac 
tical manual covering every stage of the precess 
design of components, choice of hardfacing 
alloy and technique of depositing, inspection and 
finishing methods. 8s. 6d. net from all booksellers 
8s. 10d. by post from The Publishing Dept 

Dorset House, Stamford Street, London, S.E.1 








BALL & ROLLER BEARINGS 


Needle 
Bearings 


Steel 
Balls 


Quick Delivery 


INSLEY “0x70 LTD 


21-22 Poland St., London W.1. GER 8104 & 2730 




















THE ANTI-FRICTION BEARING CO. LTD., 
HARFORD STREET, 
BIRMINGHAM, 19. 

Manufacturers of Plain Bearings in Gun 

Metal Steel and White Metal. 


Tel. Nos: NORthern 2024-5 
Tel. Add: “Antifric’’ ‘Phone, Birmingham, 19. 














ALL TYPES—~ NEW & USED 


wards Lfd 
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ASK for LISTS. 


EDWARDS HOUSE, 
359-361, EUSTON RD., LONDON 
1 


N.W. 
Phones : EUSton 4681 & 3771 


and Lansdowne House 
41, Water St., Birmingham, 3 
(CENtral 7606-7) 








‘ What is a man worth ???” 


Rough estimate of some of Such a question is often asked about a man’s financial 
the Human Body’s con- 
tents : 





standing .. . more rarely regarding his character. 


Nine gallons of water. But, apart from such considerations, what is the average 
Risks kndved ninewallon individual’s intrinsic value? 


b p yen. eis 
pottles of oxygen It may be humiliating to note the appended rough 
Enough carbon to make ” 


P formula, as also to realise how Nature in her economy uses 
9,000 lead pencils. : 


Enough phosphorus for only about 19 elements for the make-up either of a man, or 
8.000 boxes of matches. for a wide range of inorganic materials. Thus, there is 
Enough hydrogen to fill a veritable kinship between a dropforging and the man who 
balloon able to rise to the produces it. There the relationship ends, for it is the 
ay ene. Human mind that skilfully shapes the production of each 
material for its most useful purpose. Here is the true 
value of a man ora Firm... just as much as is put into a 


Tron for five tacks. 

Salt to fill six ordinary 
salt cellars. 

Five pounds of nitrogen. job, or given in extra meticulous service. 


PRESS & DROP FORGINGS 





SOUTH WALES FORGEMASTERS LTD 
GARTH WORKS © TAFFS WELL -° CARDIFF 


Grams: “ FORGEMASTERS.”” TAFFS WELL Phone: TAFFS WELL 41/2 


ErFICIER 
COOLING 


with 


MARSTON 
RADIATORS .— res 


every form 
transport 


: 


For assistance on any problem connected with heat exchange write to 


MARSTON EXCELSIOR LTD WOLVERHAMPTON tei eset 


(A subsidiary company of Imperial Chemical Industries LEEDS Tel : Leeds 37351 
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MATERIALLY REDUCES 


¢ 


MACHINING TIMES 
AND COSTS 


“ The fine finish obtained with Sulfloid straight cutting 
oil permits a minimum of stock to be left on the 
gear for subsequent grinding operations.” 

Say Messrs. Gear Grinding Co. Ltd. 


A constant pinion shaft 

cut for Jaguar Cars on * 

a Maxicut 2A. 

Material: EN 39B - 85 tons tensile 
26 teeth 86 DP 
23 helix 


The (AMBER) 


11A ALBEMARLE STREET, LONDON. 
Works: LONDON (Phone: EAST 1788) | WOLVERHAMPTON (Phone: 22591) 








MAYFAIR 
BATLEY, YORKS (Phone: BATLEY 1271) 


— Photograph by 


courtesy of The 

Gear Grinding 
Co. Ltd. Shirley 
Bham 


LTD. 


6161/2/3 
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oAll Die-Cast l ghtAlloy 
trc Gas Meter is the outcome of 
est possible co-operation between 
Drawing Office, Staff and Executives 
e two Companies. Indeed, without the 
siasm and keénness shown Dy your 
cess of our meter would not 
On the production 
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$s synonymous 


Birmal.”’ 


YO 
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ill A CASTING FROM 


BIRMAL 


Before the foundry came into the picture, 
our Drawing Office gave Begwaco Meters 
Ltd. valuable assistance in the develop- 
ment of the cast components. This Design 
Consulting Service is typical of the extra 

you get from Birmal ... more objective 
advice in the selection of material and 
casting process, a wide range of specifica- 
tions, close foundry/workshop co-operation, 
and the specialised attention of every de- 
partment in the handling of the unusual project. 









































